the new edition of this standard 


~ work gives the chemistry student a common- 
Sense approach and understanding of the 
mathematical applications to the many funda- 
mental principles of 

and rearranged in this new Sixth Edition— 
follow a logical sequence of development. 
The illustrative problems, which have been 
expanded and arranged in order of increasing 
difficulty, are solved step by step. The use 
dimensional units as an aid in solving. 
various problems is stressed and the use of 
Significant figures is emphasized. To help 
both the student and the instructor each 
=. begins with an shea: of the mate: 


Professor of Analytical Chemistry 


40S CALCULATIONS 50 


pages 


of 
ANALYTICAL CHEMISTRY 


LEICESTER F. HAMILTON STEPHEN G. SIMPSON 


Associate Profes$or of Analytical Chemistry 


Massachusetts Institute of Technology 


A thorough revision of one of the most successful supplementary 
texts ever published in the field of chemistry. Designed for use 
in courses in both qualitative and quantitative analysis, this 
well-known text provides thorough instruction in the calculations 
involved and supplies an abundance of practical problems en- 
compassing all phases of analytical chemistry. 


In this Fifth Edition much of the material has been expanded 
and rewritten and new sections have been added covering iodate 
and bromate processes and colorimetric methods. The revisions 
cover such topics as errors, precision measures, titration curves, 
electrolytic methods, and potentiometric, conductometric, and 
amperometric titrations. 
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Intensive research now enables us 
to market the proven chemical re- 
agent, Sulfi-Down, which derives 
its name from the function of 
“bringing down” sulphide precipi- 
tates. 

No longer need any laboratory 
suffer the abominable stench or 
deletereous effects of hydrogen sul- 
phide gas when precipitating 
metals as sulphides. 

Sulfi-Down banishes the hazards 
of hydrogen sulphide. Instead of 
using the dangerous gas— allowing 
its escapa into the room—merely 
introduce a few drops of an aqueous 
solution of Sulfi-Down at the point 
where H.S would be used! No gas 
is brought into the test tube! Upon 
heating the test tube, the same 
results are obtained as though using 
hydrogen sulphide gas. 

Instructional technique for uti- 
lizing H.S as a precipitant, is in no 
way affected. Qualitative analyses 
are carried out with no deviations 
whatever in theory. Significance 
of classic methods (gas precipi- 
tating a metal) is consistent with 
the aim of the instruction, the only 
point of departure being introduc- 
tion of Sulfi-Down in place of free 
HS, as an in-situ source of the gas, 
which will not volatilize. 


PRICE—PER 100 GRAM BOTTLE....$15.00 


IS UNDER 


CONTROL 


Now you can utilize HS 
without its stench or 
hazards, for all analytical 
sulphide precipitations. 


a. daigger & co. 


In the second edition (1954) of 
‘Introduction to Semimicro Quali- 
tative Analysis”, by C. H. Sorum, 
thioacetamide is recommended as 
an alternative source of H.S in 
precipitating the Cu-As group. 
Sulfi-Down is specially refined and 
stabilized thioacetamide, therefore 
usable wherever hydrogen sulphide is 
indicated. Acid and alkaline im- 

urities are totally absent. Stabi- 
ization prevents hydrolysis of the 
aqueous solution until heat is ap- 
plied. 

Eliminated are expensive items 
such as Kipp generators—or the 
nuisance and deposits for cylinders. 
Toxic effects are done away with. 
There is no danger, no odor, no 
corrosion. 

From a chemical standpoint, 
Sulfi-Down is preferable to hydro- 
gen sulphide gas because the pre- 
cipitate forms very slowly and is 
very coarse. It can be easily filtered 
and easily centrifuged. Sulfi-Down 
is safely and conveniently stored in 
a small bottle. Minimum shelf life 
is a year. 

Hundreds of schools and col- 
leges are now using Sulfi-Down. 
Repeat orders on an ascending 
scale, prove its pronounced ad- 
vantages. 
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SULFI-DOWN is... 
STABLE IN SOLUTION 
NON-INFLAMMABLE 
ONE YEAR SHELF LIFE F 
NON-CORROSIVE 
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REINFORCE WITH GUMMED LINEN REINFORCEMENTS 


THE NEW BECKMAN 


You can double the capacity of your clinical lab with the new 
“easy-to-use” Beckman Colorimeter—the quality lab bis 
instrument that turns out quantity readings fast. Lab workers — 
everywhere are welcoming this work-saving, job-hustling 
instrument that offers so many extra values. 


~ 


Pin-point beam accuracy and maintenance-free performance of this 
years-ahead instrument, combined with many operating advantages, 
make this the ideal colorimeter for any clinical laboratory. ° 


Included with each Beckman Col- @ Samples are easily positioned on the front of the sloping panel. No —& 


orimeter is a specially-prepared 
Manual of Clinical Procedures, fumbling behind. 


tested by the Albert L. Chaney 
@ The direct-reading meter responds instantly. No waiting for the 


sents the latest stepwise pro- needle to “get to the point’ 
the point without turning off the light. 


with an introduction to the field 
of colorimetry and a discussion of ® 


ont Preliminary adjustments take minutes; subsequent readings only 


seconds. 
® No light shield is required over test tube. No need to fuss with a 
light cap. 


Get the facts today. @ Even cleanup after spillage has been made easy. 
Write for Data File 48—36 


FULLERTON 1, CALIFORNIA 
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Instructions for assembling kits for 


Tested Demonstrations in General Chemistry 


@ Tested demonstrations, monthly publication of which begins with this issue of the Journal. 
is designed to give the student an opportunity to see some stimulating experiments, and 
to help the teacher in organizing his demonstration material in a minimum of time. It is 
recommended that the teacher (1) Purchase the equipment listed on this page, (2) set 
up the Lecture Desk Equipment described below, and (3) type labels, as listed in the foot- 
notes from month to month, fasten them to the bottles with Scotch Tape, fill them with the 
chemicals and lay away in the metal cabinet, one or two drawers to each topic. 


EQUIPMENT FOR STORING CHEMICALS 


The bottles and jars listed here will contain quantities of 
chemicals sufficient to perform each experiment four times. 
If there are several teachers, each should use no more than 
one-quarter of the contents of each bottle. The following 
equipment meets requirements for all 24 topics to be described 
during the coming two years. This equipment is designated 
by the following: 


CODE: d_ a1 oz. dropping bottle 
narrow-neck 4-oz. bottle 
w a wide-mouth 1!/; oz. bottle 
X 5” plastic jar 
aq_ indicates 3-Molar aqueous solutions. 


3 gross (432) Number B-5870 Bottles, dropping, screw cap, 
square, Flint glass, straight glass dropper, removable rub- 
ber bulb, and molded Plastic Cap. Capacity 1 0z., approxi- 
mately $15.12 per gross. 


1 gross (144) Number B-5115 Bottle, Narrow mouth, screw 
neck, French square, Flint Glass, without caps, capacity 
4 oz., $7.00. 


gross (144) Number B-5225 Bottle Caps, Black Molded 
Plastic, Screw Type, with Vinylite Liner, No. 22, approxi- 
mately $2.05. 


3 gross (432) Bottle, amber, Square, wide mouth complete 
with plastic caps with vinylite liner, capacity 1'/. (one and 
one-half) oz., approximately $17.34 a gross. 


400 13/,” X 5” transparent CLEARSITE Rigid Polystyrene 
threaded vials, with Black Phenolic Screw Caps, approxi- 
mately $48.72. 

Available from Celluplastic Corporation, 50 Avenue L, 
Newark 5, N. J. 


3 (three) number 630 Steelmaster File Cabinets, 30 drawer 
each, drawer size X 9 X 15%/,”, overall size 
31 X 16”, two partitions each drawer, 180 partitions total, 
green finish (also comes in grey), approximately $71.50 each. 
Available from Goldsmith Brothers, 77 Nassau Street, New 
York 8, N. Y. 


Although two metal cabinets are ample for holding all kit 
material, it is convenient to have extra space for storing exhibit 
boards, special apparatus, and materials for additional ex- 
periments. 


LECTURE DESK EQUIPMENT 


The following lecture equipment should be stored where 
readily available, probably in the lecture auditorium itself, 
since it will be used frequently during the year, and is too 
bulky to be stored in the metal cabinets. 


5 Asbestos 6” squares 5 Graduated cylinders, 10 
1 Balance ml. 
, 800, ml. 
2 pipettes, 10 
6 Bunsen clamps, small 1 
6 Hoffman clamps, large 
2 Clock gl ro 4 aie 2 Hoffman screw clamps 
6 Clock glasses, 10 cms. 
Assorted corks 2 Shatter and pestle 
a ae dishes, 10 1 Pail, 10 quart 
6 Demonstration cylin- 50 8" di 
ders 12” high 
6 Demonstration  cylin- ted 
ders 8” high Rukber sto 
4 Erlenmeyer flasks, 500 
Rubber tubing 
or 1900 1 funnel, 500 
2 E ti ishes, =. 
ing dishes, 5 10 Stirring rods 
2E ti ishes, 1 2 Test tube racks 
pe ing dishes, 10 100 Test tubes 6° 
1 F 50 est tu 
ter Paper, Pkg., 20 Test tubes 20 x 2" 
1 Fi ter , pkg., 20 ermos bottles 
uter paper. pkg. 2 Tongs 
2 flasks, 500 ml. owe: 
2 Florence flasks, 1000 z Rnd , photographic 
ml, ripods 
1 Fl k, 2000 ml. 6 U-tubes 6” 
2 2 Volumetric pipettes 10 
4 Fischer burners ml. 
2 Glass jars, 2-liter Washbottle 


Glass tubing, assorted Wolff bottle, 2-neck 


SPECIAL OR DANGEROUS CHEMICALS 


Store the following in a separate place: iodine, potassium, 
sodium, stock solutions in 2'/- liter bottles for filling kit bottles, 
white phosphorus; tanks of common gases including oxygen, 
hydrogen, chlorine, nitrogen, carbon dioxide, NH3, and SOz; 
concentrated NH,OH, and the concentrated acids HNO, 
H.S0,, HCl, and HAc. 
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1. CHEMICAL REACTIONS’ 


A. CHEMICAL ELEMENTS 


*1-1 Exhibit: minerals, metals and non-metals, 
tanks of gases such as Oz, Ne, He, COs. 


*1-2 Sealed tubes of chlorine, of bromine, and of 
iodine. Vial of iodine. 2-liter Florence flask 
on hot plate. Exhibit halogens. Sublime a 
few flakes of iodine in flask. 


*1-3 Sodium, potassium, filter paper, 100-mm. 
crystallizing dish, forceps. Blot oil from bits 
of Na or K the size of a pea. Throw on 
water. Use darkened room. CARE: stand 
5 ft. away, see footnote. 


B. MIXTURES AND COMPOUNDS 


*1-4 Electrolysis of water apparatus. Demon- 
strate, discussing elements, compounds. 

1-5 Sugar, iron filings, CS., FeS, PbAC,-aq., 
HCl aq., filter paper, burner, 3 test tubes, 
test tube holder. Demonstrate mixtures of 
Fe+S of varying amounts. Separate Fe 
from S with magnet. Dissolve out S by 
shaking Fe+S mixture with CS, showing 
that thumb which stoppered tube for shaking 
has yellowish S from evaporation. Heat 
Fe-+S, show a compound is formed by test- 
ing with magnet, CS., and with HCl plus 
paper moistened with PbAc». 


C. PHYSICAL CHANGES 


1-6 Paper, stick, moth balls in test tube, burner. 
Tear paper; break stick; melt and resolidify 
the naphthalene. 


D. CHEMICAL CHANGES 
Combination. (also, see 1-5) 


*1-7 Pop bottle containing 2 vols. H, + 1 vol. Oz, 
burner. Explode. 


1-8 Mg ribbon, forceps, burner. Burn, forming 
MgO and a little Mg;N>. 


1-9 Rusty iron bar, Fe filings in shaker, burner. 
Exhibit rusty bar, slow oxidation; shake 
filings in flame, rapid oxidation forming 
Fe.03. 


Decomposition. (Also, see 1-4) 


1-10 Twenty-gram pile of ammonium dichromate 
on asbestos, burner. Ignite; makes a small 
volcano. Show in both lighted and darkened 
room. Green Cr.O; forms, but do not bal- 
ance equation. 


1-11 HgO in test tube clamped over burner, splint. 
Heat. Hg mirror forms. When very hot, 
test for O. with glowing splint, which bursts 
into flame. Dark residue (Hg or black 
allotropic form of HgO?) turns orange again 
upon cooling. 


tBy Hubert N. Alyea, Frick Chemical Laboratory, Princeton, New Jersey 


Tested Demonstrations in General Chemistry 


Displacement. 

1-12 Fe spatula, CuSO,-aq. in 600 ml. beaker. 
Deposit copper. 

1-13 Cl-aq., KI-aq., CS2, cylinder. Few drops of 
KI-aq. in cylinder half-full of water. Then 
add few drops Cl.-aq. Forms brown iodine 
by displacement. Add 2-inch layer CS», 
shake. Violet I, layer forms. 

1-14 AgNO;-aq., Hg in chamois or cloth bag, 600 
ml. beaker. Bag of Hg hanging in AgNO; 
solution grows beautiful silver tree. 


1-15 Zn rod, PbAC,-aq., 600 ml. beaker. Form 
lead tree. 


Turn the page for additional demonstrations 


* Footnotes 


STRENGTH OF SOLUTIONS: all solutions 3 Molar unless 
otherwise noted. In ordin ionic reactions (as in 1-13 and 
1-16) a few drops of the 3 Molar reagent in several hundred 
ml. of water will be suitable. 


1-1 Convenient exhibits are (a) metals and non-metals in 
their EMF sequence; (b) elements arranged according 
to their groups in the Periodic Table; (c) minerals 
classified as oxides, sulfides, carbonates, silicates, etc. 


1-2 Do not store iodine in a cabinet unless sealed in a glass 
tube; in a stoppered vial iodine sublimes and causes 
corrosion. 


1-3 Be at least 5 ft. away from the dish and protect face, 
since when the piece of K just disappears there is often 
a sudden spurt and shower of sparks. Store K and Na 
under kerosene or mineral oil. Store with Dangerous 
Chemicals, not in kit cabinet. 


1-4 Make a permanent electrolysis apparatus as follows. 
An H-sha generator of 12 mm. tubing 2 ft. long 
with (a) Pt wire electrodes sealed in bottom legs, (b) 
stopcocks on top of the two arms, (c) levelling bulb 
oat rubber tubing leading to cross-bar, (d) two round 
corks painted black and floating inside to mark the 
level of the liquids, (e) 0.1 M H.SO, for electrolyte 
(with NaOH there is tendency for foaming). Operate 
on a 22-volt battery. 


1-7 A Pepsi-Cola bottle is suitable; do not use larger. 
Protect against shattering glass by wrapping it with 
Scotch Tape. Invert it, fall of water, in a water 
trough. Bubble in '/; rd. oxygen and 2/; rds. hydro- 
gen. Keeping bottle inverted, with a ml. water re- 
maining in the neck to act as a seal, insert rubber 
stopper. Keeps indefinitely. To ignite, unstopper and 
immediately hold mouth of bottle to burner flame. 
CARE, eieie it is a “pop” bottle, that water 
formed, and then pour out the water used as a seal. 


Type the following labels and fasten with Scotch Tape to the 
containers indicated. (For code, see instructions for assem- 
bling kits.) 1-5-J-Fe filings, 1-5-N-CS:, 1-5-w-FeS, 1-5-d- 
PbAc: aq., 1-5-J-magnet, 1-5-N-HCI aq., 1-6-J-paper and 
splints, 1-6-J-moth balls, 1-8-w-Mg ribbon, Sioon bar, 
1-9-w with shaker top-Fe filings, 1-10-J-ammonium nitrate, 
1-10-J-ammonium dichromate, 1-11-w-HgO, 1-11-J-splint, 
1-12-J-shiny iron bars, 1-12-N-CuSQ, aq., 1-13-d-Ch aq., 
1-13-d-KI aq., 1-13-N-CS., 1-14-N-AgNO; aq., 1-14-N-Hg, 
1-14-J-chamois bag, 1-15-J-Zn rod, 1-15-d-PbAc» aq., 1-16-d- 
AgNO; aq., 1-16-d-HC] aq., 1-17-N-KI aq., 1-17-N-HgBr: aq., 
1-17-w-KI, 1-17-w-HgBr2, 1-18-d-Pb(NO;). aq., 1-18-d- 
K,Cr.0; aq., 1-18-J-Pb shot, 1-19-J-candles, 1-19-J- soda lime. 


January, 1955 
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Double Displacement, metathesis, double de- with a similar flask containing lead shot on 
composition. other pan. Show that tipping mixes the 


1-16 AgNOsaq., dil. HCl, Liter beaker. Mix ee 
few drops of each in 800 ml. of water. : 

1-19 Candle mounted on a cork having several 

1-17 KI-aq., HgBri-aq., KI, HgBre, a 25 X 250 holes in it, and fitted to the bottom of a lamp 

mm. test tube, mortar and pestle. Grind chimney so that candle will burn inside 

solids. _ Mix liquids (test amounts before- chimney; cork stopper at top of chimney 

hand, since orange ppt. may redissolve). leading off to soda-lime U-tube, then to 

suction. Whole apparatus hanging in large 

balance, counterbalanced with 600 ml. beaker 


E. FUNDAMENTAL LAWS of lead shot. Burn candle slowly, drawing 


1-18 Large balance, on one pan a 2-liter Erlen- combustion products through the soda-lime. 
meyer flask containing a few drops Pb(NOs)2 Show that as candle disappears the weight 
in 400 ml. water. Lower a test tube contain- of candle + chimney + soda-lime increases 
ing K,Cr.0;-aq. into flask.; Counterbalance due to uptake of oxygen from the air. 


> 


Next month‘’s Tested Demonstrations in General Chemistry 
2. OXYGEN 
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University Museum, Philadelphia 


Sumerian Pharmacological Tablet 


Left: Obverse. Right: Reverse. 
(See page 11) 
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SPARKLESS LABORATORY 


An Ideal General Purpose Stirrer 
With Induction Motor 


from Brush Contacts 


e ADJUSTABLE SPEED 

@ AUTOMATIC SPEED CONTROL 
QUIET OPERATION 

e LONG LIFE 


Reduces Explosion Hazard 


The induction type motor, having no brushes or 
commutator, is free from sparking and therefore can be 
used with much greater safety near such solvents as 
ether, benzene, acetone, or alcohol. It has ample 
torque for ordinary stirring operations and, while not 
intended for highly viscous materials, will not burn out 
if stalled by overloading. 


Governor-controlled 


Its speed is adjustable over a range of about 200 to 
1400 revolutions per minute by means of a knurled knob 
at the top of the shaft. A locknut for this adjustment 
is provided. A Watt-type governor incorporated with- 

- in the-motor housing stabilizes the speed. It operates 
such that any decrease in speed caused by additional 
viscous drag in the fluid causes the governor weights to 
move inward, thus reducing friction between the con- 
trol surfaces and automatically increasing the net torque 
exerted. The speed of the stirrer therefore remains 
relatively constant under the moderate load fluctua- 
tions usually encountered. 


Eliminates Explosion Hazard 


Long Life 

. Both ends of the motor shaft are equipped with ball 
bearings properly designed to carry the necessary axial 
and radial thrusts when the stirrer is operated vertically 
or at an angle. Lubrication is required very infre- 
quently. The substantial sleeve bearing at the lower 
end of the shaft, being made of oil-impregnated metal, 
. is permanently lubricated. The control surfaces in 
the governor are made of materials which show negligi- 

ble wear even after long service. 

The lower end of the shaft carries an adjustable 
chuck which takes any size shank up to'/, inch. The 
stirrer is supported by means of a 13-mm. rod, 20 cm. 
long, threaded into the side of the housing. The 

* opposite end of the rod is equipped with a binding post 
so that the stirrer can serve as a rotating anode in 
electrolytic work or for grounding the motor housing. 


5230. ELECTRIC STIRRER, Sparkless. 

Complete with 6-foot connecting cord, line switch, 
and plug. For operation on 50 or 60 cycles, 115 volts 
Each $43.50 


5230A. ELECTRIC STIRRER, Sparkless, For 230 
Volts, A.C. Consists of No. 5230 Stirrer equipped with 
a step-down transformer to permit operation on 230 
volts 50 or 60 cycles A.C. Each $54.75 


W. M. WELCH SCIENTIFIC COMPANY 
DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
ESTABLISHED 1880 


1515 Sedgwick Street, Dept. D, Chicago 10, Illinois, U. S. A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 
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Tue science and philosophy of the ancients were 
strongly anthropocentric; we were the center of every- 
thing; the universe revolved around the earth and all 
God’s creation was for the benefit of man. We have 
since learned better, but the thought which I submit 
this month is that modern science education is in some 
danger of falling into the same error. 

Applied science—which for all practical purposes is 
engineering—is quite properly devoted to the end of 
improving man’s material comforts and his standard of 
living. To many of us, it may appear that there is no 
higher human ambition; but I, for one, believe that 
there is. Science has a higher appeal than to man’s 
creature needs. 

At most, this only puts into new words the old con- 
trast between technology and pure science, with the 
usual emphasis upon the complete impersonality of the 
latter. But we need to be continually reminded of this. 

Present-day education is criticized for neglect of the 
subjects like mathematics, science, languages, and 
others which require close and vigorous application, and 
for emphasis upon group projects and activities 
which are supposed to lead to “social adjustment.” 
Granting that education in the past may have been 
short on socialization, I have a strong conviction that 
man’s moral, spiritual, and intellectual fiber is better 
strengthened by the proper relation between himself 
and the great wonderful universe outside him, than by 
holding hands and singing songs with his friendly neigh- 
bors. Or is my philosophy merely old-fashioned? 

For a long time now, the tendency has been to build 
science curricula around man’s daily needs and activi- 


ties: Unit 1, Man’s Food; Unit 2, Man’s Shelter and 
Housing; Unit 3,Communication; Unit 4, Transporta- 
tion; etc. Can this be because the curriculum makers 
have been so preoccupied with their little daily rounds 
that they are oblivious to the many exciting and moti- 
vating elements in the phenomena of nature itself? 
Anyway, I think the emphasis is being put upon the 
wrong thing. We are again making man’s comforts 
and activities the center of everything, whereas all that 
he learns should increase his humility. Can this be one 
of the reasons why we are failing to attract into science 
the number of students we need? We are now dealing 
with the results of science rather than science itself. 
Such a “‘man-centered” curriculum is a poor start for 
future scientists; it is furthermore a poor contribution 
to a program of general education. 

We are now saying to our students: ‘See what won- 
derful things science has given us! We can now 
travel 1000 miles an hour, through the air; in grand- 
father’s day 20 miles an hour, on the ground, was a 
good clip.” Fine, so what? We have never satisfac- 
torily answered the question why we live in this world, 
but certainly we do not do so merely to make more vita- 
mins and antibiotics in order to live longer and travel 
faster. It is better to believe that we do so in order to 
understand and appreciate our world and all that lives 
and moves within it. This gives at the same time a 
personal and a social motive for our knowledge. 

If we make such a belief the motivation of our sci- 
ence education I think we will have something which 
will attract and survive and will realize the old admoni- 
tion that man cannot live by bread alone. 
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Tur great philosopher and actual founder of modern 
physical chemistry, Wilhelm Ostwald (1853-1932), 
stated in one of his books that one of the most impor- 
tant properties of colloidal substances is that they per- 
mit the diffusion of crystalloidal matter without notice- 
able restriction, while they are more or less impermeable 
to other colloids. He accepted very early the ter- 
minology originated by Thomas Graham and made it 
clear in several publications why matter present in 


Wolfgang Ostwald 


the colloidal state cannot be treated from a strictly 
physicochemical point of view. In a book written 
in Ostwald’s memory by his daughter Grete she refers 
also to her oldest brother, Wolfgang, saying: 


In 1905, immediately after he had received his Ph.D., he ac- 
cepted an assistantship offered by Jack Loeb in Berkeley, Califor- 
nia. There he made the acquaintance of Dr. (Med.) Martin 
Fisher who became the best and most trustworthy friend of his 
life, and the man to whom he dedicated his first scientific book, 
“The World of Neglected Dimensions.”’ At Berkeley he also 
found his scientific work for life, namely, the still-to-be proved 
and strengthened science of colloids. 


Up to fairly recently only the term “colloid chem- 
istry’ has been used in textbooks, for the listing of 
classes, and as the name for a specific division of chem- 
ical societies. This term should have been already 


1 Presented before the Division of History of Chemistry at the 
126th Meeting of the American Chemical Society, New York, 
September, 1954. 
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abolished in 1927, however, when Wolfgang Ostwald 
used the term “colloid science’’ and explained its mean- 
ing in the introduction to the ninth and tenth editions 
of “The World of Neglected Dimensions”: “It is 
peculiar to find that colleagues in other fields of chem- 
istry frequently hold an opinion against colloid science 
which the author cannot accept as correct... .’’ (10). 

Only two other scientists had the courage to state 
openly in the introductions to their books, ‘Colloid 
Systems” (1937) and ‘Colloidal Phenomena’’ (1939), 
respectively, that the term “colloid chemistry’ must 
be abolished and ‘“‘colloid science”’ used in its place. 

In the author’s preface to ‘Colloid Systems’’ (/) 
A. Buzagh stated: 


In colloid science it is perhaps more certain than in any other 
science that we cannot greatly further our knowledge if we forci- 
bly create new theories on the lines of old ones to fit new facts, 
and become prematurely involved in far-reaching generalizations. 
Moreover it is evident that new phenomena can only be fully 
understood if we do not attempt to squeeze them forcibly into 
the framework of our previous knowledge. 

It is a mistake for the physical chemist to doubt that colloid 
science has justified its existence, to fail to recognize its aims, and 
to hold the opinion that the classical laws of physical chemistry 
can be directly applied to colloid phenomena, and that an explana- 
tion of these pheneomena is automatically provided by the atomic 
theory. It is equally a mistake to regard colloid science as com- 
pletely isolated from pure chemistry and physics and as following 
only its own special laws. 


In the preface to ‘Colloidal Phenomena” (4), Ernst 
A. Hauser said: 


It required men of courage, convinced by their experimental 
results, endowed with a keen sense of observation, and capable of 
sound logical reasoning, to free themselves from conventional 
viewpoints and establish entirely new lines of thought. . . . 

It would be suicidal, scientifically, to abandon further attempts 
to obtain a more profound knowledge of the happenings in this 
ultramicrocosmos simply because we cannot always describe and 
predict reactions in rigid mathematical terms as we have been 
used to doing in other exact sciences. . . 

The science of colloids or the study of colloidal phenomena is a 
necessary amendment to physicochemistry, a bridge between the 
study of invisible building units of matter—the actual domain of 
physicochemical studies—and microscopical dimensions. 


It was this trio, Wolfgang Ostwald, Buzagh, and 
Hauser, who made it clear what colloid science in- 
volves and why it cannot be classified simply as chem- 
istry or as a side branch of physical chemistry. More 
attention must be paid to the fact that any matter will 
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exhibit colloidal properties if at least one of its dimen- 
sions falls within the colloidal range, and that colloid 
science therefore involves not only chemistry and 
physics, but is equally important to such other fields 
as, for example, geology, mineralogy, medicine, bi- 
ology, and many other fields of science and technology. 


WOLFGANG OSTWALD (1883-1943) 


The world owes more to Wolfgang Ostwald than 
most people realize. He was not only an outstanding 
scientist but an excellent musician who offered quite 
a few compositions to the world. It was in all prob- 
ability his love for music which led him to marry, in 
his early years, an opera star from Leipzig. He had 
inherited from his parents an overwhelming desire 
to help human beings and animals. At the very be- 
ginning of the Nazi regime in Germany he offered 
definite proof of this when he managed to find ways and 
means for a few friends and former students of Jewish 
faith to escape Germany before any harm could be 
done to them. This is an undeniable fact which has 
been completely disregarded by some German ref- 
ugees who, late in 1945, published some very dis- 
tasteful statements about his political affiliations. 
When Ostwald visited the United States for the last 
time, in 1938 as guest of honor at the Fifteenth National 
Colloid Symposium, he said to me that he had come 
only to pay tribute to the development of colloid 
science in this country and that he did not want to be- 
come involved in any political discussion, because he 
had no interest in politics. He had joined the National 
Socialist party only because he wanted to retain his po- 
sition at the University of Leipzig so that he could 
assist some of his friends in leaving Germany. 

Wolfgang Ostwald founded the Kolloid Gesellschaft 
and also organized and edited the two leading German 
journals pertaining to research in colloidal fields— 
Kolloid Zeitschrift and Kolloidchemische  Bethefte. 
He retained his positions as editor until his death. 

In 1912 he wrote a little pamphlet called “The New 
Developments of Colloid Chemistry.”” The foreword 
contains a statement of special importance: ‘‘As far 
as the author knows, no one has yet tried to do justice 
to the importance of modern colloid chemistry as a 
new science, considering at the same time its many 
scientific and technological applications.” 

Two years later he published the first edition of the 
book which is considered his most outstanding con- 
tribution to colloid science—“‘The World of Neglected 
Dimensions.”’ In the introduction to the ninth and 
tenth editions (1927) he stated: 


People are still trying to consider colloidal systems as, for ex- 
ample, normal solutions and, in spite of their clear differences, to 
treat them from the standpoint of the classical theory of molecu- 
lar dispersed solutions and the classical theory of chemical equilib- 
rium of homogeneous systems. Unfortunately, even close col- 
leagues of mine still give no credit to the property of colloid sys- 
tems as intermediates between homogeneous and heterogeneous 
systems. 


The scientific world must realize that it owes Wolf- 
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gang Ostwald far more than the mere coining of the 
term “colloid science.”” His formation of the Kolloid 
Gesellschaft and the inauguration of the two periodicals 
drew more attention to this new branch of science 
than most people in those days felt would ever be 
possible. 

He died from cancer of the liver, suffering terribly, 
on November 22, 1943. Luckily he was not a witness 
of the complete destruction of his world-famous library 
in Leipzig during the war. 

We should follow his basic suggestions and make 
it clear that colloid science is a branch of science which 
can stand on its own. We must remember that it 
pertains to the reactivity of surfaces and interfaces, 
not to chemical composition as such. 


ALADAR BUZAGH (1895- ) 


Dr. Buzagh received his advanced education at the 
Institute of Technology in Budapest, Hungary, and 
then at the Universities of Berlin and Leipzig in Ger- 
many. He received his doctorate from the University 
of Budapest in 1920. There he inaugurated the 
Institute for Colloid Chemistry and Colloid Tech- 
nology, which he still heads. 

Buzagh deserves special credit for having been one 
of the three who always maintained that colloidal prob- 
lems deserve a special branch of science. He titled 
his first book ‘‘Kolloidik’’ only because at the end of 
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the first quarter of this century very few scientists 
yet agreed with this point of view. A year after the 
German edition was published it was translated into 
English and issued under the title, ‘Colloid Systems” 
(1). Inthe foreword Wo. Ostwald wrote: 


All are agreed that the science of colloids now constitutes a 
new branch not only of physical chemistry but possibly even of 
chemistry and physics themselves. Some of us are of the opinion 
that colloid science is, in fact, only a new application of the old 
classical laws.... This is the sense in which the author of the 
present book understands the conception of the autonomy of 
colloid science. 
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Buzagh then writes, very correctly: 


It is no coincidence, but neither is it to be ascribed to any 
artificially forced tendency, that ‘‘the world of neglected dimen- 
sions” has become, in two short decades, ‘“‘the world of not-to-be- 
neglected dimensions.” 

Colloid science today is an enormously extended chapter of 
physical chemistry, admittedly very rich in specialized laws, and 
with a well-defined program and object. A knowledge of pure 
physics and chemistry is necessary to enable us to judge when we 
are confronted with colloid phenomena for which the classical 
principles of physical chemistry provide no explanation, and the 
program of colloid science can only be covered with this knowl- 
edge. 

Buzagh is not only one of the founders of modern 
colloid science but also an individual of very special 
character. He has always been a good friend and ad- 
visor to all his students. Besides being an outstanding 
educator, his most basic contributions to colloid 
science pertain to studies on adhesion, adsorption, 
peptization, zeta-potential, and what is known as the 
“Bodenkorperregel.”” This law, which he worked 
out jointly with Ostwald, states that colloidal sol- 
ubility or peptizability is not independent of the 
quantity of solute present. The concentration of 
colloidally dissolved substance either increases con- 
tinuously with the quantity of solute present, or it 
shows a maximum for an intermediate quantity of 
solute. 


ERNST A. HAUSER (1896- —) 


Hauser was born in Vienna, Austria, where he re- 
ceived his bachelor’s degree just at the start of World 
War I. He was immediately called into the army, 
where he served with the Field Artillery and the Ski 
Troops. After the war he entered the University of 
Vienna, where his major field was physical chemistry 


Ernst A. Hauser 


under Dr. R. Wegscheider; he received the degree of 
Doctor of Philosophy in 1921. During the academic 
year 1921-22 he was an assistant in the Department 
of Physics of the University of Géttingen in Germany. 
There he made the acquaintance of Dr. Richard Zsig- 
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mondy, and undoubtedly owes primarily to him his 
decision to devote his life to colloid science. He be- 
came chemist and later chief chemist of the Colloid 
Chemistry Laboratory of the Metallgesellschaft, A. G., 
one of the biggest German chemical companies of the 
day. He was assigned to carry out basic research in 
the field of spray drying. A group of Britishers hoped 
that natural rubber latex could be dried by this German 
method without, however, losing its redispersibility 
when placed in water again. Hauser soon discovered 
the basic difference between natural rubber latex 
and cow’s milk, which could be evaporated to a 
redispersible dry powder when subjected to the drying 
treatment. He was sent to Malaya to study natural 
rubber latex from a colloid-scientific point of view. 
He solved the problem, and his first book, which was 
devoted exclusively to the colloid science of natural 
rubber latex, laid the foundation for the modern latex 
industry. 

In 1928 Hauser was invited to accept a nonresident 
professorship at the Massachusetts Institute of Tech- 
nology and in 1935 he accepted a permanent position 
there, now holding the title of professor of colloid 
science. In 1939 he published his fourth book, ‘“Col- 
loidal Phenomena.” This title was chosen because he 
realized that it would be a mistake to call the book 
“Colloid Chemistry,” but he also realized that at that 
time far too few would accept the term Wolfgang Ost- 
wald had originally coined—“‘‘colloid science.” 

Hauser takes special interest in educational problems 
and in his individual students. He has contributed 
a considerable number of publications pertaining to 
colloid science and has written a number of books, of 
which “Silicic Science” is the most recent (6). 

As has already been stated, it was Wo. Ostwald 
who originated the term “colloid science.” But we 
owe some of the most basic contributions in this branch 
of science to three other scientists who, at least in those 
days, seemingly did not yet fully realize what this 
branch of science actually implies. The first is the 
Russian von Weimarn; the other two the Germans 
Zsigmondy and Freundlich. 
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P. P. VON WEIMARN (1879-1935) 


Von Weimarn, the founder of experimental colloid 
science, began his career in St. Petersburg, Russia, and 
spent most of his time from 1905 to 1907 in studying 
and explaining why colloids and crystalloids cannot 
be considered as two special worlds but that there 
exist close connections between them. The results of 
his work are generally known today as “‘von Weimarn’s 
law of precipitation.’”” He produced over two hundred 
inorganic precipitates and was always able to obtain ex- 
tremely fine crystals, coarse flocks, or jellies depending 
on the concentration of the reacting substances used. 
He summarized his findings as follows: 


This permitted me to ascertain that any clearly crystalline sub- 
stance can be obtained in the form of a typical jelly as well as in 
the form of different precipitates, which according to their struc- 
ture can be considered as intermediate stages of the two extreme 
eases of forms of precipitates. I have so far found no single ex- 
ception to these purely experimental results. 


After he had carried out microscopic and ultrami- 
croscopic studies he amended his previous statement 
with the following words: 

If we sum up the macroscopic, microscopic, and ultramicro- 
scopic facts, we are forced to the conclusion that any solid sub- 
stance (element or compound) can be obtained as well in the form 
of sols (crystalline suspensions) and jellies, as in the form of dif- 
ferent kinds of precipitates that differ from each other only by a 
different size of the crystalline grain. 


In summarizing his important experimental con- 
tribution he stated : 


The so-called colloidal, amorphous, and crystalloidal states are 
all universal (possible) properties of matter... .Generally speak- 
ing, it follows from these investigations that colloids and crystal- 
loids are by no means two special worlds but that there exist 
close relations between themselves as well as between them and 
the gaseous and liquid states of matter. 


Long before X-ray methods were applied for the 
determination of crysta] structures, von Weimarn 
had already demonstrated beyond any question that 
colloidal particles can also have a lattice structure and 
that this is not confined to perfectly grown crystals or to 
any dimensional limitation. 


RICHARD ZSIGMONDY (1865-1938) | 


Some may consider it an ironical fact that Zsigmondy, 
who was a strong supporter of what is known as the 
solution theory, was the same man who, by pure logical 
reasoning and strict adherence to the truth of experi- 
mental evidence, was the first to discover experimental 
means for proving the heterogeneity of colloidal so- 
lutions. His greatest contribution to colloid science 
was the invention of the ultramicroscope. In April, 
1900, he perceived the presence of individual particles 
in solutions of glue, gelatine, gold, silver, etc., by using 
a microscope with very low magnification but illumi- 
nating the liquid preparation from the sides by the use 
of a reflecting mirror and a collecting lens. Shortly 
thereafter the Zeiss works in Jena built the first so- 


called slit-ultramicroscope. When Zsigmondy dis- 
cussed the first observations he made on colloidal gold 
solutions he stated: 


I hoped that I might be able to find out the truth by micro- 
scopical examination of the cone of light which is clearly visible 
when colloidal gold solutions are illuminated from only one side, 
as Michael Faraday had originally observed.... Even if their 
size was below the limit of microscopic resolvability, if the small 
particles reflected enough sunlight they would be individually 
perceptible under the microscope just as were the narrow rays 
~ eae and act to a certain extent as fragments of such light 

Those who have had occasion to observe a colloidal 
gold sol under the ultramicroscope will appreciate 
the vivid description of the phenomenon given by 
Zsigmondy himself in a lecture shortly after his epoch- 
making discovery. After he had pointed out that large 
gold particles float quietly in the fluid and then sink 
slowly to the bottom or show only an unimportant 
Brownian movement, and that by considering colloidal 
solutions as suspensions one would naturally imagine 
that the gold particles in these, too, would be as quiet 
as those in the real suspensions, he added: 


How entirely erroneous was this idea! The small gold particles 
no longer float, they move—and that with astonishing rapidity. 
A swarm of dancing gnats in a sunbeam will give one an idea of 
the motion of the gold particles in the hydrosol of gold!... 
Sluggish and slow in comparison is the analogous Brownian move- 
ment of the larger gold particles in the fluid. 


Besides being a leading scientist of his years, Zsig- 
mondy always took a great interest in nature. He 
was also an outstanding teacher and lecturer who took 
great personal interest in his students and collaborators. 


HERBERT M. F. FREUNDLICH (1880-1941) 


Freundlich was born in Berlin on January 28, 1880. 
In February, 1903, he obtained his doctorate from the 
University of Leipzig with a dissertation on the co- 
agulation of colloid solutions by electrolytes. From 
1903 to 1911 he was an assistant in the Leipzig Physico- 
Chemical Institute, and in 1911 he was elected asso- 
ciate professor of: physical chemistry and inorganic 
technology at the Technische Hochschule at Braun- 
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schweig. Early in 1919 he became chief of the di- 
vision of colloid chemistry and applied physical chem- 
istry in Professor Haber’s Institute in Berlin. 

In 1925 the University of Minnesota invited Freund- 
lich to be the guest of honor at the Second National 
Colloid Symposium. Soon after the National Social- 
ist party came into power in Germany he resigned his 
position at Berlin and accepted F. G. Donnan’s in- 
vitation to join University College in London as an 
honorary research associate. (This was the same 
college where Thomas Graham, the founder of colloid 
chemistry, had worked.) In 1937 he was again in- 
vited to visit the United States to attend the Four- 
teenth National Colloid Symposium, which was also 
held at the University of Minnesota, and the following 
year he joined the staff of the university as professor 
of colloid chemistry. 

Freundlich, a man of highly cultivated mind, tolerant 
spirit, and strongly artistic temperament, was always 
moderate and critical in the statement of his results 
and he shunned speculative theories. Although he 
was devoted to research in pure science for its own 
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sake he was always anxious to show the value of apply- 
ing the results to the explanation and improvement of 
industrial processes (2). 

In 1925 he published, jointly with Hauser, a de- 
tailed paper on the colloid chemistry of natural rubber 
latexes. This paper was the first basic contribution 
to introduce colloid science into the rubber industry 
and can therefore be considered as an historical con- 
tribution. 

Freundlich never used the term “colloid science” 
because he considered colloid chemistry to be an 
advanced branch of physical chemistry. When one 
discussed this problem with him he always referred to 
“Kapillarchemie” and often said that this term, which 
he used as the title for one of his books in which every 
aspect of colloid science was discussed, should actually 
have been called “Boundary surface chemistry.” In 
the introduction to the first edition of ‘Kapillarchemie’’ 
(3) he stated: 

Among the peculiarities of colloid chemistry belongs the fact 
that the domain may be entered through two doors, so to speak: 
One may start from a simple system composed of two phases ex- 
hibiting a small interface and consider one of the phases as be- 
coming always smaller and more distributed in the other by an 
increase of the interface.... Or one may start with a true solu- 
tion, the “molecular dispersed”’ system, and assume that the size 
of these particles increases constantly until one enters the field 
of colloid chemistry. How this increase in size occurs and under 
what conditions a new phase is formed, as for example by super- 
cooling or supersaturating, is very important for the formation of 
colloidal systems. 


We owe to Freundlich truly basic contributions 
in nearly every field in which colloid science was active 
before 1935. One of his greatest contributions was 
his experimental proof that the Helmholtz double 
layer theory is not in line with actual facts; he was 
able to prove the correctness of Gouy’s diffuse double 
layer theory. Another important contribution was 
his development of a new theory of the electrokinetic 
“‘zeta’”’ potential as distinct from the thermodynamic 
“epsilon” potential, and his work on the problems of 
thixotropy, rheopexy, and dilatancy. 

Freundlich died in Minneapolis of a coronary throm- 
bosis on March 30, 1941, and this event deprived the 
world of science of one of its most distinguished in- 
vestigators and expounders of colloid and interfacial 
phenomena. 

The progress of colloid science owes much to other 
men whose research and teaching in the United States 
have broadened the scope of this field tremendously. 
The lives of McBain and Weiser, who are no longer 
with us, will be discussed in considerable detail. The 
scientific contributions of Holmes and Reyerson will 
also be referred to. There are other men who should 
also be classified as colloid scientists, however. Of 
these, E. C. Bingham, who died on November 6, 1946, 
and Willism D. Harkins, who died on March 7, 1951, 
at the age of 77, deserve special credit for their many 
contributions in the field of colloid science, although 
they called themselves physical chemists. Bingham, 
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professor of chemistry at Lafayette college, was well 
known for his studies in rheology, and was considered 
an authority on fluidity and plasticity, viscosity, and 
solubility. Harkins was professor of chemistry at the 
University of Chicago, and at the time of his death was 
directing important studies in emulsion polymerization, 
vital to the synthetic rubber program. 


JAMES W. McBAIN (1887-1953) 


McBain was born in Chatham, New Brunswick, 
on March 22, 1882. He received his Ph.D. from the 
University of Heidelberg in 1908. From 1906 to 
1919 he lectured on physical chemistry at Bristol, 
England, and then joined the staff of Stanford Uni- 
versity in California in 1926, remaining there until 
his retirement. With his wife Evelyn McBain, also 
a famous colloid scientist, he then went to India, 
where they very successfully established a colloid 
scientific laboratory. 

McBain made many basic contributions to colloid 
science during his lifetime. The most important is 
probably his coining of the term “colloidal electrolyte” 
and his explaining in detail the respects in which it 
differs from a true electrolyte. He devoted con- 
siderable time to the study of the colloidal properties 
of soaps and similar structures and to work on sorption 
and adsorption phenomena. Shortly before his death 
he. wrote the book, ‘Colloid Science” (8), in which 
he offers all his contributions in considerable detail. 
In the preface he stated: 


This book is designed to give a clear picture of colloid science, 
bringing out not only its immense scope but also the main regulari- 
ties and generalizations that have been established within it. 
Colloid science is a relatively modern subdivision of human 
knowledge, although its existence was clearly recognized in 1861 
by Thomas Graham, who not only first appreciated its impor- 
tance and generality, but also coined the name “colloid” (from the 
Greek word for glue) to represent this newly recognized variety of 
matter. 

The approach in this book is that of a physical chemist con- 
vinced that the general laws of physics and chemistry prevail 
throughout this subject, that superimposed upon them are 
further laws of colloid science, and that all these are operative in 
living organisms, governing much of their complex and fascinat- 
ing behavior. 


One fact about McBain which has been largely 
overlooked is that he was a very religious individual. 
This is best exemplified by his short article in the series, 
“The Faith of Great Scientists,’’ which was published 
several years ago. There he said: 


We need personal religion, national religion and international 
religion. We have been through two wars, with their colossal 
drama, their high hopes and deep frustrations. We must now 
betake ourselves to the ensuing task of finding out what to do 
with a changed world.... Science carries the great ethical mes- 
sage that fearless recognition must be given to truth based on fact 
finding. It is equally necessary, with science, that there be the 
“righteousness that exalteth a nation”.... Science, whenever 
it is allowed free expression, affirms the brotherly relationship of 
all men. 


McBain’s wife collaborated with him throughout 
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their marriage and she must be referred to as a partner 
in his work on the formulation of electrokinetics, the 
constitution of soap solutions and soap films, the 
structure of jellies, and the electrical properties of 
soap solutions and their bearing on the electrolytic 
theory. 


HARRY N. HOLMES (1879- —) 


Holmes, who must be classified as the pioneer of 
colloid science in the United States, was born on July 
10, 1879, and is one of the very few of the older gen- 
eration who is still with us today. He received his 
bachelor’s degree, majoring in chemistry, at West- 
minster College and his Ph.D. degree at Johns Hop- 
kins University in 1907. He then joined Earlham 
College in Richmond, Indiana, where he inaugurated 
the chemistry department. In 1914 he began his 
association with Oberlin College, where he constantly 
pursued a very strenuous program of teaching, re- 
search, and administration. I have often heard it 
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said that owing to him Oberlin has become the leader 
in the field of chemical research in the United States 
as far as liberal-arts colleges are concerned. 

Holmes has won many honors and citations and has 
made basic contributions to colloid science since 1907, 
including several textbooks. Of special importance 
is his laboratory manual of colloid chemistry (7), his 
work on silicic acid gels, patents on silica gels of high 
adsorptive property, and his most recent contributions 
in the field of biochemical research. For the first 
six years he was chairman of the National Research 
Council’s Committee on the Chemistry of Colloids and 
was the editor of Volumes 2 and 3 of the “Colloid 
Symposium Monographs.” 

At the spring Meeting of the American Chemical 
Society in 1954 Holmes was awarded the Kendall 
Company Award in Colloid Chemistry,? an honor he 


2 J. Cuem. Epuc., 31, 600 (1954). 
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certainly deserves for all his important and basic con- 
tributions to colloid science. 


HARRY B. WEISER (1887-1950) 


_ Weiser was born in Greencastle, Ohio, in 1887. He 
received his bachelor’s degree in 1911 and his master’s 
in 1912, both at Ohio State University. He then 
entered Cornell University, where he received his 
doctorate in 1914. He then went to the University of 
Tennessee, where he vecame instructor in chemistry. 
In September, 1915, he joined The Rice Institute in 
Houston, Texas, and became professor in 1919. In 
1933 he was elected dean of the Institute and held this 
position until he resigned as active dean on September 
1, 1950. He had planned to continue at Rice as pro- 
fessor of chemistry, but died on September 27, 1950. 

Weiser wrote six books on colloid chemistry. He 
was chairman of the National Colloid Symposium of 
the American Chemical Society for twenty years and 
editor of the “Colloid Symposium Monograph.” He 
wrote well over one hundred articles on colloid chem- 
istry, all of which were published in the leading chem- 
istry journals of the world. 

This is the general information which was offered 
when Weiser died. In my opinion, however, he de- 
serves far greater recognition than he has received. 


Harry B. Weiser 


The first work on inorganic colloids was written by 
him in 1913 (“Indirect analysis of a ferric oxide gel’’). 
Later he made basic contributions to problems of 
adsorption, electrolysis, adsorption by precipitates, 
hydrous oxides, on the influence of the concentration 
of colloids on their precipitates by electrolytes, on the 
formation of inorganic jellies, on the antagonistic 
action of ions in the neutralization of sols, on the ad- 
sorption and permeability of membranes, on the for- 
mation of lyophobic organosols, and on the mechanism 
of the coagulation of sols by electrolytes; he then 
devoted considerable time to medical problems, e. g., 
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the rhythmic precipitation in gall stone formation, 
colloidal phenomena in gall stones, and the synthesis 
of gall stones; and he made many contributions per- 
taining to X-ray investigations of inorganic colloids. 

In the introduction to the second edition of “A Text- 
book of Colloid Chemistry” (12) Weiser stated: 

A modern physical chemist should know of the heritage left by 
Nernst and Wilhelm Ostwald even though their classical re- 
searches are almost a century old; so too the decades-old contribu- 
tions 6f Graham, Wolfgang Ostwald, Freundlich, Einstein, Sved- 
berg, Hardy, Donnan, Perrin, Langmuir, Gortner, and Bancroft 
should be held up before the present-day student that he may 
know the solid foundations on which modern colloid chemistry 
is built and is still growing apace under the inspiring leadership 
of McBain, Flory, Debye, Williams, Mark, Hauser, and others. 
The systematic formulation and the critical correlation of the 
theories of colloidal behavior call for even more wisdom than was 
needed a decade ago, since the old theories are being put to the 
test every day and new concepts are being formulated. 


I very much doubt that a better proof of Weiser’s 
emphasis on the importance which the history of colloid 
science deserves can be offered than his own words. 
From a historical point of view this country owes 
Harry Weiser above all the inauguration of the colloid 
symposia and the combined publication of all papers 
presented at those meetings. To sum up, all of us 
interested in the advancement of colloid science owe 
the memory of Harry B. Weiser everlasting gratitude. 


LLOYD H. REYERSON (1893- 


Reyerson was born on May 1, 1893, at Dawson, 
Minnesota. He obtained his A.B. from Carleton 
College in 1915, his A.M. at the University of Illinois 
in 1917, and his Ph.D. at Johns Hopkins University 
in 1920. In 1919 he joined the staff of the University 
of Minnesota, now holding the position of professor of 
chemistry; from 1937 to 1945 he was the administrative 
head of the School of Chemistry there. 

During 1927 and 1928 Reyerson was a Fellow of the 
John Simon Guggenheim Foundation. In 1937 he 
became secretary of the Division of Colloid Chemistry 
of the. American Chemical Society, and its chairman 
in 1939. As amember of the A. C. S. he became chair- 
man of the Minnesota Section in 1952 and was elected 
to the Council Policy Committee in the same year. 
He was the U. S. delegate to the Internation Union of 
Pure and Applied Chemistry meetings held in Warsaw 
in 1927, at The Hague in 1928, and at Stockholm in 1953. 

Reyerson is unquestionably one of the outstanding 
native colloid scientists of the United States. He 
has published well over one hundred articles; his most 
important contributions have been the study of ad- 
sorption of the halogens, electrokinetic potential 
measurements, sorption from solutions, magnetic 
studies of sorbed molecules, detailed studies of colloid- 
ally dispersed systems as catalysts, the study of surface 
oxide systems on active carbons, and particularly the 
behavior of various forms of carbon, including graphite, 
toward gases being sorbed on their surfaces. 

Besides all this he deserves special credit for the way 
he organized and managed the Department of Chem- 


(2) 
(3) 
(4) 
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istry at the University of Minnesota and how he 
handled his students and worked with them. He 
now plans to devote himself to pure research, and we 
can only hope that he will still have many active years 
in the field of colloid science. 


SUMMARY 


The term ‘‘colloid science’”’ was originated by Wolf- 
gang Ostwald in 1927. His life and scientific activ- 
ities are discussed. A. Buzagh and E. A. Hauser 
joined Ostwald in pointing out that the term “colloid 
chemistry"’ was outdated and should be supplanted 
by the words “colloid science,” since this is a field 
which cannot be considered as merely an appendix 
to physical chemistry. At about the same time as 
Ostwald’s first contribution to colloid science, the 
Russian chemist, P. P. von Weimarn, offered the 
first experimental proof of Ostwald’s statements. — 

The works and lives of Richard Zsigmondy, Herbert 
Freundlich, James W. McBain, Harry Holmes, Harry 
Weiser, and L. H. Reyerson are discussed, although 
most of them did not use the term “colloid science” 
in their publications. 

The work of these scientists offers ample proof that 
Ostwald’s suggestion that we speak of ‘‘colloid science’’ 
was necessary and valid. 
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* THE LECTURE DEMONSTRATION OF ATOMIC SPECTRA 


THERE are numerous methods for demonstrating 
the spectra of many of the elements. Alyea' sug- 
gests that the salts of the elements be placed in salt 
shakers and shaken into an open flame. A more 
cumbersome method is that given by Frey,? which 
consists of an atomizer arrangement. 

A novel and dramatic method for the illustration 
of this effect was found by the use of so-called “safety 


1 Atyga, H. N., “Student Workbook for Lecture Demonstra- 
tions in General Chemistry,” privately published, Princeton, 
N. J., 1950, chap. 20. 

2 Frey, P. R., “College Chemistry,” Prentice-Hall, Inc., New 
York, 1954, p. 53. 


WESLEY W. WENDLANDT ‘ 
Texas Technological College, Lubbock, Texas 


fusees,’’* such as are used by the railroads and high- 
way departments. These fusees can be obtained 
with red (strontium), green (barium), or yellow (so- 
dium) colored flames and burn with an intense il- 
lumination. It was found convenient for lecture 
demonstration purposes to cut off a one- to two-inch 
section, place it in a small sand bath, and ignite it with 
a Bunsen burner. 

A section of this length will burn from one to two 
minutes. The use of this readily available material 
avoids the necessity and mess of making synthetic 
mixtures that attempt to show the same effect. 


3 Made by the Central Safety Signal Company, Peru, Ind. 
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A MAILING-TUBE POLARIMETER’ 


Two flat round corks (Figure 1) are bored. A Polar- 
oid square? is placed between them and secured with 


_a strip of plastic tape. Two such units, the polarizer 


and the analyzer, are constructed. A metal-ended 
mailing tube? is drilled, forming a circular hole at each 
end. The polarizer is then mounted in the mailing 
tube with three small nails. The analyzer is likewise 
mounted. Two strips of white paper are glued about 
the mailing tube, one on each side of the mailing tube 


STRIP of GRAPH PAPER 


STRIP of WHITE rAPER ANALYZER 
with CALIBRATION MARK 


EXPLODED VIEW OF POLARIZING ELEMENT 
POLARIZING ELEMENT COMPLETE 


Figure 1. Student Polarimeter 


joint. A strip of plastic-sprayed‘ graph paper is then 
mounted over one of the strips to serve asa scale. The 
polarimeter tube (Figure 2) is made of a length of glass 
tubing. Microscope cover glasses are affixed to two 
drilled rubber stoppers by means of 3M Weatherstrip 
Cement. One of these stoppers has a small hole drilled 
just at the edge of the cover glass to permit the escape 
of air on stoppering the tube. 


1 Presented before the Division of Chemical Education at the 
Regional Conclave of the American Chemical Society, December 
11, 1953, New Orleans, Louisiana. 

2 Polaroid film can be obtained from E. H. Sargent and Com- 
pany, Dallas, Texas, or the material distributed at “3D” theaters 
can be used. 

3 Metal-ended mailing tubes 18 in. long and 21/2 in. in diameter 
like those used by the Matheson Company, Joliet, Illinois, for 
shipping bottled gases, were employed. 

4 The scale and the entire polarimeter were sprayed with trans- 
parent plastic from one of the new pressurized dispensers. 
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Figure 2. Polarimeter Tube 
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PROCEDURE 


The procedure for conducting measurements with the 
apparatus is as follows. The polarimeter tube is filled 
with water and placed in the polarimeter. The instru- 
ment is pointed toward a source of light (a window was 
used), and one end of the mailing tube rotated with re- 
spect to the other end until the field turns deep purple. 
The zero of the instrument is recorded by making a 
mark on the white paper opposite the zero on the graph 
paper. Various sugar solutions are then placed in the 
polarimeter tube and readings are made in terms of the 
arbitrary graph-paper units. The readings in graph 
paper units may, of course, be readily converted to de- 
grees by using the conversion factor obtained by de- 
termining the circumference of the mailing tube in 
graph-paper units and equating to 360°. 


RESULTS 


The extent of optical rotation,a, is proportional to 
the number of optically active molecules in the light 
path. The results may be analyzed in terms of the 
following equation 


a = (a),U(g/v) 


where I is the length of the path in decimeters, and 
g is the number of grams of optically active material in 
v milliliters of solution. (a),' is the specific rotation, 
a constant for a given temperature, ¢, and wave length, 
\. The equation predicts that a plot of a versus con- 
centration (g/v) will be linear, and such a result was 
obtained with this instrument. 

The polarimeter is used in the physical chemistry 
laboratory at this institution not only for polarimetry 
experiments but also in kinetic studies. The quality 
of the experimental results is somewhat surprising. 
The excellent agreement of the specific rotation with the 
accepted value is doubtless somewhat fortuitous. 

The cost of materials for the manufacture of the 
instrument comes to a little under a dollar, in sharp 
contrast to the cheapest commercial instrument retail- 
ing for about four hundred. The chief advantage of 
the polarimeter, however, lies in the fact that the 
student can take it apart, and find out for himself 
exactly how the ‘“‘magic box’ works. 
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5 DaniELs, F., ‘‘Outlines of Physical Chemistry,’ John Wiley & 
Sons, Inc., New York, 1948. 
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ANCIENT CHEMICAL TECHNOLOGY IN A 


SUMERIAN PHARMACOLOGICAL TABLET’ 


Tue chemistry of the ancient Near East, as is true 
for the beginnings of every basic branch of science, 
was entirely technological in origin. Because of this, 
the history of early Mesopotamian chemistry is in- 
extricably intertwined with the development of ancient 
industries and professions. In the former category, 
much has been learned from examination of the liter- 
ature describing such processes as the manufacture of 
glass? and the production of perfumery products® 
from botanical and zoological materials. The third 
and no less important class of tablet literature bearing 
on chemical technology includes the works on thera- 
peutics, medical receipts, and pharmacology. 


THE OLDEST MEDICAL LITERATURE 


A new translation of the oldest medical work known 
was recently completed by the author in collaboration 
with Dr. Samuel Kramer, Curator of the Babylonian 
Section of the University Museum, Philadelphia. 
The tablet containing this work was unearthed about 
fifty years ago by an expedition of the museum at 
Nippur, a site located in the lower part of Iraq, the 
land of ancient Sumer. 

The writing on the tablet is in Sumerian, in a cunei- 
form script which was performed by means of a wedge- 
shaped stylus on wet clay. The tablet was then placed 
in the hot sun to dry or baked in a kiln for preser- 
vation. Its date, as determined by its provenience 
and by the nature of the script, is ca. 2100 B.c. Thus 
it is the earliest known literature in medical annals. 
In spite of the fact that both Egyptian and Mes- 
opotamian medicine are generally assumed to have 
had most of their roots in third-millenium s.c. knowl- 
edge, until now we have had no direct evidence in the 
writings of this remote time. For the first time, then, 
it is possible to move back directly the written tech- 
nical origin of Babylonian medicine as well as chem- 
istry to this early period, antedating the oldest Egyp- 
tian medical papyri.‘ 

~The tablet (see frontispiece for photographs), 
measuring 9.5 cm. by 16 cm., is in very good con- 


1 Presented before the Pennsylvania Association of College 
Chemistry Teachers at Franklin and Marshall College on March 
20, 1954. 

2? THompson, R. C., “On the chemistry of the ancient Assyri- 
ans,” Iraq, 3, 87-96 (1936). 

3’ Levey, Martin, “Perfumery in ancient Babylortia,” J. 
Cuem. Epuc., 31, 373 (1954). 

4Sarton, review of J. H. Breasted’s Edwin 
Smith Surgical Papyrus,” Jsis, 15, 357 (1931). 
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dition on its reverse side and is written in a beautiful 
hand. The obverse unfortunately has a great number 
of lacunae and is very difficult to decipher. 


TRANSLATION 


A part of the Sumerian tablet is given below in 
translation for discussion purposes. Only those sec- 
tions are here given which are fairly complete with a 
reasonable degree of accuracy at this stage of our 
knowledge of the Sumerian language. 

[Lines 96-110] Apportion (?) ... turtle-shell, “horned” alkali 
(Salicornia fruticosa L.), salt, cassia; knead them together with 
powdered asafetida; wash them in high quality beer [and] boil- 
ing water; sprinkle all its solution, its fluid upon it [the ailing 
organ]; rub tree oil upon it; let pulverized fir-cones be added. 


{Lines 111-122] Purify, pulverize the [skin of a] water snake; 
pour water [over it and over] the amamashdubkaskal plant, the 
root of myrtle, pulverized alkali, barley, powdered fir resin, and 
[some part of] the kushippu bird; boil; let its extract be de- 
canted; wash it [the ailing organ] with the liquid; rub tree oil 
on it; let shaki be added. 


[Lines 123-134] Purify, pulverize the ... of a cow; pour water 
[over it and over] a branch of myrtle, a “star’’ plant, the root of 
the ab tree [possibly Commiphora opobalsamum Engl.], [bark of] 
the pear (?) tree, [and] 7b salt; boil; let its liquid be filtered; 
wash it [the ailing organ] with the filtrate; let potassium nitrate 
[and] the ... plant be added. 


SOURCES OF CHEMICALS 


Botanical, zoological, and mineralogical sources 
were exploited by the Sumerians to derive the drugs 
found in the text.’ Mineral substances included are 
sodium chloride (mun), a salt of unknown character 
(mun-tbz) and potassium nitrate (VE). Among sub- 
stances listed from the animal kiagdom are milk, 
(skin of a ) water snake, and shell of a turtle. 

By far the largest group of chemical materials finds 
its origin in the botanical kingdom. This includes an 
interesting variety of plants and trees, some of which 
were indigenous, while a number of others had to be 
imported from distant regions. The text implies that 
many of the botanicals were in a dried state, which 
would tend to show that they were stored in that con- 
dition or had probably been transported after having 
been dried in a manner analogous to the method of 
shipment of many botanicals today. 

Sumerian medical men used spice (e. g., thyme), 
cereal (e. g., barley), lupins, trees (e. g., willow, fir, 
cedar, fig), and a number of plants (e. g. Mensipermum, 

5 MeissneR, B., “‘Babylonien und Assyrien,” Heidelberg, 
1920-25, p. 307. 
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cassia), etc. The botanical drugs were prepared from 
the seed, gum or gum resin, root, top or twig, wood, 
and bark. There is also some evidence in the text 
that the Sumerians carried out oil as well as aqueous 
extraction. Complete knowledge of these extractive 
processes has been pointed out in second-millenium 
p.c. Akkadian tablets describing the manufacture of 
perfumery products. In this later period the aqueous 
extracts were obtained at the same time as the extrac- 
tion of the essential oil was carried out. Cedar oil 
was a favorite in medical prescriptions, as were aqueous 
extracts of cedar and cassia. 


CHEMICAL TECHNOLOGY 


That Sumerian chemical technology was already 
well advanced in the third-millenium sB.c. may be dem- 
onstrated from our tablet. The materia medica in- 
clude chemical materials which presuppose a broad 
acquaintance with many chemical operations, and 
elaborate procedures are implied in the text in order 
that the substances listed may have been obtained. 
To take one example, winning the tree oil from its 
source would have involved a great number of varied 
operations, as is evident from the Akkadian perfume 
literature already mentioned. 

Preparation of Simples. There are few directions 
in our text for the preparation of the simples used in 
the receipts. It is certain, however, that a sizable 
body of empirical knowledge had been accumulated 
in this field. Aqueous and oil extraction have already 
been mentioned. An infusion of wine or sesame occurs, 
as well as use of various materials such as asafetida and 
barley in powdered form. The preparation of the 
(skin of the) water snake is given as “purify, pul- 
verize,” no detailed directions being given. Ob- 
viously, this process necessitated a number of oper- 
ations which are taken for granted in the text. 

This is also true in the case of the pulverized alkali 
(té-gaz), which is probably the alkali ash produced 
by the burning of one of a number of plants of the 
Chenopodiceae rich in soda (most likely the Sali- 
cornia fruticosa L.). Soda ash derived in this manner 
was used in the seventh-century B.c. glass texts® and 
also in the much later Middle Ages for glass making. 
It is of interest that in both cases where alkali is used 
it is employed together with substances which contain 
a great amount of natural fats, thus producing soaps 
to be applied externally on the patient. 

Another substance whose winning presupposed 
further chemical knowledge is potassium nitrate or 
saltpeter (NE). In ancient times the Assyrians 
probably inspected the surface drains in which such 
nitrogenous waste products as urine flowed, and when 
a crystalline formation was found, it was removed for 
purification.’ Further problems of separating the 
components, which included sodium chloride and 


6 Tuompson, R. C., “A survey of the chemistry of the Assyr- 
ians in the seventh century B.c.,”’ Ambiz, 2, 3-16 (1938). 

7 THompson, R. C., “Dictionary of Assyrian Chemistry and 
Geology,” Oxford Univ. Press, London, 1936, p. 7. 
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othef salts, were solvéd by fractional crystallization 
as the likeliest method. In India and Egypt an old 
precedure still used is that of mixing lime or old mortar 
with decomposing nitrogenous organic matter to form 
calcium nitrate, which is then lixiviated and boiled with 
wood ash containing potassium carbonate to yield salt- 
peter on evaporation of the filtrate.® 

Compounding of Chemical Materials. The general 
method of compounding is first to pulverize the dry 
materials in a mortar. This may have been done to- 
gether with a little liquid, e.. g., an aqueous cedar 
solution. In one instance where the materials are 
first kneaded,® aqueous cassia is probably the liquid 
used. If the resulting mixture is to be taken internally 
the pulverized material is mixed with beer. For ex- 
ternal applications, the pulverized materials are first 
boiled in water and then filtered, with the filtrate being 
retained for use. 

In the recipes where the resulting mixture is not 
to be administered orally, the process of decoction is 
used. In four of these cases where the reading of the 
text is fairly certain, not only is boiling water used to 
extract the sought-for principles but, furthermore, 
alkali or salts are utilized probably to obtain a greater 
yield of total extract. Thus we find Salicornia and 
salt, (probably its ash), mun-ibe (an unknown salt), 
and salt added, respectively, in these preparations. 
It is likely that the “‘salting-out’”’ process was known. 

In addition to pulverization, infusion, aqueous and 
oil extraction, filtration was employed to separate the 
dregs from the aqueous extract of the decoction. The 
filtrate contained, in addition to the water-soluble 
substances, materials in suspension, particularly the 
highly desirable odoriferous essential oils. 
the oils were lost, however, owing to their generally 
low solubility in aqueous solution. 

The Sumerian text does not specify the quantities 
used. The compounder must have known these by 
heart and purposely excluded them from the written 
works, possibly in order to shield his secrets from the 
uninitiated. 

SUMERIAN CHEMISTRY AS A SCIENCE 

Chemical science has its roots in the accumulation 
of vast stores of data and techniques. We are indebted 
to the ancient Near-Eastern peoples for this gathering 
of empirical facts in chemical technology, which was 
to be taken up later by the Alexandrian and Muslim 
chemists. 

In context of the Sumerian document which has 
been discussed, there is no semblance of the magic or 
mysticism to be found in many of the later Babylonian 
texts. In fact, if one were to extrapolate our knowl- 
edge of the broad rationalism of contemporary Su- 
merian mathematics, it is obvious that one should expect 


8 Partineton, J. R., “A Textbook of Inorganic Chemistry,” 
Macmillan, London, 1950, p. 702. 

® THompson, R. C., ‘Assyrian prescriptions for diseases of the 
feet,” J. Roy. Asiatic Soc., 1937, pp. 265-6. (Translation of a 
seventh-century B.c. text where the drugs are kneaded to produce 
a plaster for an external application for a foot disease. ) 
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a similar development of an underlying objective 
philosophy penetrating, more or less, into other fields 
of ancient Sumerian endeavor. This holds partic- 
ularly in scientific studies where empirical knowledge 
is subject to the acid test of a very practical people. 
From the text alone the evidence remains that the Su- 
merians possessed a chemical technology without in- 
cantations and other supernatural elements. Al- 
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though a great deal is still unknown of the ancient 
chemical processes, the text affords an insight into 
some of their technical knowledge. It is evident that 
chemistry at the time of our text was well advanced in 
the accumulation of a body of practical facts. This, 
of course, was the first important stage leading even- 
tually to the growth of chemical science as we now know 
it. 


ORGANIC FLUORINE CHEMICALS’ 


Ay crn Chicago meeting of the American Chemical 
Society in September, 1946, there was a three-day sym- 
posium on fluorine chemistry. About 400 people were 
in attendance at each of the sessions. The March, 
1947, issue of Industrial and Engineering Chemistry was 
devoted exclusively to this subject. Since 1946 there 
has been at least one symposium on fluorine chemistry 
each year, and now there is a Fluorine Subdivision of 
the Division of Industrial and Engineering Chemistry. 
These facts, along with an increasing number of publica- 
tions in this field, indicate the accelerated interest in 
fluorine-containing substances. 


OCCURRENCE 


This paper is concerned with fluorine-containing 
organic chemicals. However, a brief review of the 
source of fluorine may be of interest. The most impor- 
tant fluorine-containing mineral, fluorspar (CaF), has 
been used as a metallurgical flux since early times. It 
was referred to by Basilius Valentinus under the name 
“fluores” at the end of the fifteenth century. In 
1768 Marggraf distilled a mixture of fluorspar and sul- 
furic acid in a glass retort and obtained a white solid in 
the distillate. Scheele repeated the experiment in 1771 
and pointed out that an acid which he called Flussdéure 
was liberated. This was a mixture of hydrofluorosilicic 
acids. These acids were not differentiated until after 
the turn of the century (1808) when Gay-Lussac and 
Thenard carried out the reaction of fluorspar and sul- 
furic acid in a lead or silver apparatus. 

Fluorine in the combined state constitutes a higher 
percentage of the earth’s crust than chlorine. It is the 
twentieth element in occurrence, existing in approxi- 

1 Presented before the North Jersey Section of the American 


Chemical Society, April 6, 1954, as part of the Passaic Lectures 
on “Basic Sources of Organic Chemicals.” 


EARL T. McBEE and CARLETON W. ROBERTS 
Purdue University, Lafayette, Indiana 


mately three times the amount of copper and fifteen 
times the amount of lead. Major deposits of fluorspar 
occur in Illinois; Kentucky; Oklahoma; Derbyshire, 
England; and South Germany. Another mineral, cryo- 
lite (Na;AIF.), the most important of the complex fluor- 
ides, occurs extensively in Greenland and in lesser 
amounts in Colorado and the Urals. 


HYDROGEN FLUORIDE 


Hydrogen fluoride is manufactured on an industrial 
scale by heating fluorspar with sulfuric acid in a rotating 
kiln and collecting the gaseous product. The hydrogen 
fluoride may be purified by distillation and stored in 
steel cylinders. The disintegration of silicates as in the 
etching of glass has long been a use for hydrogen fluo- 
ride, but its primary uses are fluorination reactions, 
alkylations, polymerizations, and acylations. 


FLUORINE 


On June 26, 1886, the French chemist Henri Mois- 
san electrolyzed hydrogen fluoride obtained by distil- 
lation from potassium acid fluoride, KHF:. Later he 
attempted to demonstrate his experiment to a visiting 
committee from the Académie des Sciences in Paris, 
without success. He had redistilled the hydrogen 
fluoride, whereas in his initial experiment potassium 
fluoride carried over during distillation had made the 
liquid a conductor. Moissan carried out the electroly- 
sis in a platinum cell, with platinum-iridium electrodes. 
Although this discovery is one of the great landmarks in 
the history of science, the consumption of six grams of 
platinum per gram of fluorine produced is not very 
practical. 

Fluorine is a pale yellow gas at ordinary tempera- 
tures, which condenses to a “canary-colored”’ liquid at 
—188° and solidifies at —218°. Because of its low 
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critical temperature (— 129°), it is unlikely that fluorine 
will ever be transported long distances in large tonnage. 
It would be more economical to locate a fluorine plant 
at the site of the commercial application. 

During World War II a great deal of work was done 
on the development of a satisfactory cell. Because of 
the success of this undertaking, it is estimated that 
fluorine can now be produced commercially at 0.50 to 
0.75 cents per pound, depending upon the scale of 
production. A practical cell (1) has been made with 
carbon anodes which operates at 2000 amperes, with a 
current density of 71.5 amperes per square foot, at a 
temperature of about 100°. ; 


HALOGEN FLUORIDES 


Actually, the halogen fluorides, which are readily 
produced by direct combination of the elements at 
various temperatures, may be convenient forms for both 
shipping and using fluorine. For example, chlorine 
trifluoride boiling at 11.3° can be handled easily as a 
liquid under a modest pressure, and its reactivity is 
comparable to that of fluorine itself. On the other 
hand, others, such as bromine trifluoride, are much less 
active than fluorine. 


METHODS 


The foundation for modern organic fluorine chemis- 
try was laid by the brilliant Belgian chemist Swarts 
during the period 1900 to 1925. It was his work which 
made the commercial application of aliphatic chloro- 
fluoro compounds as refrigerants possible about 1930. 
Other pioneer workers in the field were Ruff in Ger- 
many, Henne, and then several others in this country. 
Now there are a variety of excellent methods for intro- 
ducing fluorine into organic compounds; these may be 
summarized as follows: 

(1) Chlorine, bromine, or iodine in most aliphatic 
compounds may be substituted by fluorine using (a) 
suitable metal fluorides or (b) hydrogen fluoride. 

(2) Hydrogen may be substituted by (a) certain 
metal fluorides or (6) fluorine. 
(3) Fluorine may be added to multiple bonds by 
means of (a) metal fluorides or (b) hydrogen fluoride. 
(4) The electrolysis of solutions of organic com- 
pounds in anhydrous hydrogen fluoride is becoming 
more and more important in the preparation of a vari- 
ety of fluorine-containing substances. 

(5) The decomposition of aromatic diazonium fluo- 
roborates, the Balz-Schiemann method, is useful for 
specific fluoro compounds in the aromatic series. 


NaBF, AT 
C.H;N:Cl ———> C.H;N:BF, ———> + + BF; 
(1) 
(6) The exchange of hydroxyl by fluoride is a re- 
versible reaction and of only limited interest. 


HF + ROH = RF + HO (2) 
The metal fluorides which are most commonly used in 
the above methods are: 
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AgF: BiFs 2 
CoF 3 TIF. 3 HgF. 2 
PbF, SbF; TIF 
MnF; SbF; CaF, 
CeF, AgF KF 


' These metal fluorides are used in a variety of ways, 
and each has its own particular advantage under given 
conditions. 


HALOGEN EXCHANGE WITH METAL FLUORIDES 


Antimony trifluoride is a valuable reagent in the 
fluorination of organic halides having two or more halo- 
gen atoms on the same carbon atom. Usually anti- 
mony trifluoride is much more effective in the presence 
of pentavalent antimony halides. This may be ac- 
complished by the addition of small amounts of anti- 
mony pentachloride or more usually by the addition of 
chlorine or bromine to the antimony trifluoride. In 
compounds like CCl;CCI=CCl, where the — CCl; group 
is allylic, antimony trifluoride converts the trichloro 
group rapidly and quantitatively into —CCIF, 
—CCIF,, or —CF; (2). Examples of the use of SbF; 
alone are as follows: 


SbF; 

CsH;—CCls CsHs—CF; (3) 
SbF; 

CCl;CCI=CCl, CF;CCI=CCl. (4) 


HALOGEN EXCHANGE USING HYDROGEN FLUORIDE 


Hydrogen fluoride is a very common fluorinating 
agent, but it is most useful in the presence of catalysts 
such as antimony pentahalides. However, it will un- 
dergo halogen exchange with very active organic halides 
such as benzotrichloride. Carbon tetrachloride will 
react with hydrogen fluoride at 450° and 1000-lb. per 
square inch pressure to yield CCl;F and CCI.F, (3). 
In the presence of activated carbon impregnated with 
ferric chloride, the reaction occurs rapidly at 300° 
and 100-lb. per square inch pressure to yield primarily 


1000 p. s. i. 
CCl, + HF CCLF; + + HCl (5) 


1000 p. s. i. 
CCl + HF/C CCLF; + CChF + HCl (6) 


100 p. s 


CCL + HF/(C + FeCls) — CChF: + CChF + uO 

In the manufacture of Freons, the aliphatic chloro 
compounds are treated with hydrogen fluoride in the 
presence of antimony trichloride and catalytic amounts 
of pentavalent antimony halides. Antimony trifluor- 
ide and certain pentavalent antimony chlorofluorides 
are used up in the reaction and regenerated continu- 
ously (4-7). 
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SbF; 
CCL + 2HF ——> CCLF: + HCl (8) 


In some cases, such as in the fluorination of trichloro- 
ethylene with HF, antimony pentachloride alone may 
be used. The latter is fluorinated during the course of 
the reaction to a mixture of antimony chlorofluorides. 


° 


180 
CCl.==CHCl + HF ———> HCl + CCIF,CH.Cl + CF;CH:Cl 
SbCl; (9) 


° 


250 
CF;CCI=CClk + HF HCl + CF;CHCICCIF; + 


CF;CHCICF; (10) 


SUBSTITUTION OF HYDROGEN BY FLUORINE 


Organic compounds have been fluorinated with ele- 
mental fluorine since the early work of Moissan. In 
most instances there have been many products, and 
the yields of fluorinated compounds having the same 
number of carbons as the starting material are low. 
For example, the fluorination of benzene over a copper 
gauze packing gave eight products (8). 

+ F: ———> CF, + + CsFs + CiFio + CsFio + 
Cu CeFi2 + CeHFui + (11) 

With more carefully controlled conditions, particu- 
larly temperature, higher yields and less carbon-carbon 
cleavage occurs (9). 


265 
+ F: CoF (12) 


° 


1 
n-C7Hig + (13) 
u 


CeH.(CFs)2 + Fe CsFis (14) 
u 


SUBSTITUTION OF HYDROGEN BY METAL FLUORIDES 


The heat of reaction for the substitution of hydrogen 
by fluorine, calculated from bond strengths, is — 104 
kg.-cal. compared with —23 kg.-cal. for chlorination. 
The values for the additions to the double bond are 
—107 kg.-cal. and —33 kg.-cal., respectively. The 
high heat of reaction is overcome partially and con- 
comitantly with less carbon-carbon fission by the use of 
metal fluorides such as CoF; and AgF,. Using CoF;, 
the heat of reaction for the substitution of hydrogen is 
only —46 kg.-cal. 


ADDITION TO MULTIPLE BONDS 


Lead tetrafluoride, usually made in situ from lead 
dioxide and hydrogen fluoride, is commonly used for 
introducing two atoms of fluorine into an olefin (10). 


CCl—=CChk + PbF,(PbO: + HF) ———> CCLFCCLF + 


Usually this reaction is conducted in an autoclave 
with the mixture initially at low temperature. The 


reaction proceeds vigorously when the reactants are 
allowed to warm to room temperature. Lead trifluoride 
is also useful at elevated temperatures for replacing 
chlorine by fluorine in chlorocarbons. 

In highly chlorinated olefins it is possible to add fluo- 
rine directly without the use of a catalyst (//). 


CFCI=CFCl + F: ———> CF;CICF;Cl (16) 


The utilization of hydrogen fluoride presents the 
most reasonable source of the monomer vinyl] fluoride. 
Vinyl fluoride is made by the addition of hydrogen 
fluoride to acetylene at low temperatures in liquid phase, 
with BF; as catalyst and 1,1-difluoroethane as a by- 
product. 


BF 
HO=CH + HF ———» H,C—CHF + CH,CHF, (17) 
ow 


THE ELECTROCHEMICAL PROCESS 


One of the important advances in the industrial prep- 
aration of fluorine-containing compounds is the electro- 
lytic process (12). An organic compound is subjected 
to electrolysis in anhydrous hydrogen fluoride and, 
depending upon the conditions, either fluorocarbons 
or perfluoro organic compounds with functional group 
intact may be produced. Acids, esters, alcohols, or 
ethers may be treated to give the fluorocarbon with the 
same number of carbons as in the original alkyl group. 
Perfluoro acids, amines, ethers or acid fluorides may 
be produced by varying the conditions. 


CsHis ———> CGF is 
HF O 


———> 
CF,CF.CF;COOH + HF (19) 


(18) 


CH;CH:;CH:COOH 


The process is carried out in an iron cell using nickel 
anodes and steel cathodes and voltages between 6.0 
and 7.5. 


FREONS 


The ‘“Freons,’”’ developed by Midgley and Henne 
(13), were the first fluorine-containjng organic: com- 
pounds to be used in large tonnages. Swarts (/4) pre- 
pared the first fluorohalomethane, CCl,F, (Freon 12) 
in 1907. The many methane and ethane derivatives 
of the “Freon” type have found wide application as 
solvents, propellants, heat transfer media, and recently 
as intermediates in the synthesis of other fluorine- 
containing organic compounds. 


POLYMERS 


The recent widespread interest in fluorinated plas- 
tics has developed subsequent to the “tailor-made” 
materials prepared on the Manhattan Project. Teflon, 
Kel-F and Fluorothene have proved most successful 
commercially, although other types of fluorine-con- 
taining polymers are being developed. 
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16 
700° 1000 p. s 
CHCIF, ———> CF.=CF, 
Freon 22 Teflon 


CCIF:CCLF + Zn + C2H;OH CF:=CFCl 
(21) 


Perfluorobutadiene, a potentially useful monomer 
for homo- and copolymerization, may be prepared by 
the treatment of hexachlorobutadiene with fluorine in 
the presence of lead oxide and subsequent dechlorina- 
tion. 


PbF 
130-140° 


Zn 
——  CF;—CF—CF=CF, (22) 


The diene may also be prepared by the simultaneous 
dimerization and fluorination of CFCI—=CFCl and 
subsequent dechlorination (18). 

Of the polymers, Teflon and Kel-F have received the 
greatest use because of their water repellency, insolu- 
bility, high softening points, good low-temperature 
characteristics, and resistance to acids and oxidation. 
Replacement of one fluorine by a chlorine atom im- 
proves certain of the working characteristics, but some 
over-all loss in the electrical and thermal stability is 
noticed. 

Other polymerizable fluorine-containing olefins which 
have been studied are: 


CCl—=CH, + HF CFCI=CH; + CF:=CH: (23) 
CHF.CH,Br — CHF=CH: < HF + CH=CH (24) 


The unique physical properties of the various poly- 
mers containing fluorine have resulted in their use both 
as solid materials and as liquids for lubricants, such as 
liquid Kel-F, Fluorothenes, Fluorolubes and the fluoro- 
carbons. 


FLUOROCARBONS 


A practical synthesis of the simple fluorocarbons has 
been noted above. The specific chemical and physical 
properties of these and cyclic or fused-ring fluorocar- 
bons are of utmost importance, however, and from what 
has been published, certain generalizations are pos- 
sible. 

A typical synthesis of perfluoronaphthalene (16) 


indicates the general process. In the fused-ring fluorc- 
carbons there is a startling difference between the hy- 
drocarbons and their fluorine analogues. 

In a comparison of the boiling points of the chloro- 
and fluoromethanes, it is of interest to note that after 
an initial rise to CH2F; the polyfluorinated methanes de- 
crease in boiling point, but the chloro compounds in- 
crease. There is also an interesting comparison be- 
tween fluorocarbons and hydrocarbons. When there 
are less than four carbons the boiling points of the 
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fluorocarbons are higher than those of the hydrocar- 
bons, but with the pentanes and above the hydro- 
carbons have the higher boiling points. A compari- 
son of the fused-ring compounds shows that the per- 
fluoro compounds are regularly lower-boiling. 


PERFLUORO ACIDS 


With the commercial utilization of the electrochemi- 
cal process for fluorination, any even-numbered per- 
fluoro acid is available by proper choice of the acid (17). 
The odd-numbered acids are more difficult to obtain by 
this process, since the perfluoro acid fluorides appear to 
decompose. 

Trifluoroacetic acid may also be prepared by oxida- 
tion of CF;CCI—CCICF;. 


SbF; KMnQ, 
CCl.=CCICCI=CCk ———~> CF;CCI=CCICF,; —————> 


2CF;COOH (26) 


An elegant synthesis of perfluoro acids has been de- 
scribed by Haszeldine (18) in which a perfluoro iodide 
is telomerized with tetrafluoroethylene. The result- 
ing iodide is added across acetylene and the resulting 
olefin oxidized to the acid. 

The perfluoro dicarboxylic acids may be made by the 
electrochemical process, but the initial preparation of 
perfluoroglutaric and adipic acids utilizes the following 
scheme (19). 


KMn0, 


(27) 
Cl 
F/ KMn0, 
2 


The perfluoroadipic acid has been converted to the 
diethyl ester; subsequent treatment with lithium 
aluminum hydride produced the 1,6-glycol in 90 per 
cent yield. By appropriate syntheses diamides, di- 
nitriles, and diamines have been obtained. 


CLAISEN CONDENSATION 


Ethyl difluoroacetate does not react with sodium 
ethoxide. The Claisen condensation can be brought 
about by the stronger base NaH (20). 


70° 
CHF.CO.Et + NaH ———> CHF:COCF:CO:Et + (29) 


Sodium hydride can abstract a proton from the 
ester, and the formed carbanion reacts with another 
molecule of ester (2/1). 

The hydrolysis of ethyl tetrafluoroacetoacetate with 
10 per cent sulfuric acid gives the keto acid. Stronger 
(40 per cent) sulfuric acid furnishes sym. tetrafluoro- 
acetone in good yield. 
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100 
CHF:COCF:CO.Et + 10% H.SO, ———> 


° 


CHF,COCF:CO2Et + 40% H:SO, ———> CHF:COCHF; (31) 


The fluorinated acetones form a series of ketones with 
boiling points which decrease with increasing fluorine 
content. 1,1,1-Trifluoroacetone can be brominated in 
basic or acid medium (22). 


CH;CO.H 
CF;COCH; Bre CF;COCH.Br + CF;COCHBr.+ 


CO.Na CF;COCBr; (32) 
con. H.SO, 
CF;COCH; + Bre —————— CF;COCH2Br + 


The carbonyl group in bromotrifluoroacetone can be 
reduced by lithium aluminum hydride (22). 


F; [ 
4 + LiAlH, LiAl ——O—C—H 
CH.Br CH-Br. 4 
CF; 
HSO, 
H H (34) 
H.Br 


The bromo alcohol is converted to the epoxide by 
heating with concentrated sodium hydroxide (22). 


° 


1 
CF;—C—CH.Br + NaOH (57% sol.) ———> 


H 
CF;CHCH: + NaBr + H,0 (35) 


Trifluoroacetone is converted to the ketol by action 
of sodium amide. The new keto alcohol can be de- 
hydrated or subjected to basic hydrolysis (23). 


REFORMATSKY 


Perfluoro aldehydes, which are available from the 
reduction of perfluoro acids with lithium aluminum 
hydride, undergo the Reformatsky reaction with 
bromo esters and zinc (24). 

The beta-hydroxy esters can be dehydrated with 
difficulty using phosphorus pentoxide to give good yields 
of the unsaturated esters. 


° 


CF;CO:H + LiAIH, ———> CF,CHO (37) 


Zn 
CF;CHO + BrCH.CO,.Et ———~> CF;CHOHCH:CO.Et (38) 


120 
CF;CHOHCH:CO.Et + PxO0; ———> CF;CH=CHCO.Et (39) 


The unsaturated esters can be reduced with hydrogen 
and platinum to the saturated esters. 


CF;CH=CHCO.Et + H:/Adams catalyst 


The corresponding acids are obtained on hydrolysis. 
Their ionization constants at 25° are: 


17 
Acid Ka? X 10° 
CF;CH.CH.CO.H 7.0 
CF;CH=CHCO.H 33 
6.6 
59 


The increased ionization of the unsaturated acids 
compared to the saturated analogues indicates that 
some of the inductive effect is transmitted across the 
vinyl group (see the table). 


FLUORO NITRO COMPOUNDS 


Heptafluorobutylaldehyde and trifluoroacetaldehyde 
have been condensed under mildly basic conditions 
with nitro alkanes to give the nitro alcohols and nitro 
olefins, the latter being relatively stable as compared to 
the hydrocarbon analogues (26). 


axCO; 
C,F,CHO + CH,NO: C,F,CHOHCH:NO: (41) 
P.0 
C,F,CHOHCH:NO, C.F,CH=CHNO, (42) 


+ LiAIH, C;F;CH:CH:NO; (43) 


Pt 
C;F;CH:CH:NO, + H, ———> C;F;CH:CH:NH: (44) 


The nitro olefin may be reduced to the nitro alkane 
by use of lithium aluminum hydride, and this may be 
reduced catalytically to the amine. 

It is of interest to note that the nitro olefins undergo 
typical Michael reactions with alcohols, amines, 
Grignard reagents, or nitro alkanes. 


C;F,;CH=CHNO, + C:H;MgBr + C;F,CH.CH:NO, 


(45) 


C;F,CH=CHNO; + CH:(CO:C:H;)z ———> 


H(CO:C2Hs)2 (46) 
C;F,;CH=CHNO; + CH;NO, — C;F;CH(CH:NO:)2 (47) 
DIELS-ALDER REACTION: FLUORINATED OLEFINS 


Current investigations (27) have shown that olefins 
variously substituted with fluorine atoms will undergo 
the typical Diels-Alder reaction ag dienophiles with 


Comparison of Some Fluorine-containing Acids with 
Their Nonfluorine-containing Analogues 


Acid* Koso Acid 
H,;CO.H 1.8 X 10-5 CF;CO.H 3 588° 
CH CH CH,CO,H 1.5 X 10> C,F,CO.H §78° 
CF;CH:CH:CO.H x 10 
CH;CH= 
CHCO.H 2.0 X CF;CH=CHCO.H 3.3 X 10-4 
CH;(CH2),CO:H 1.3 X 10-* C,F,CH,CH,CO.H 6.6 x 10 
CH;(CH:),>CH= 
CHCO.H 2.0X 5.9 10-* 


CHCO.H 
2 Taken from a review article by J. F. J. Dippy, Chem. Revs., 


25, 151 (1939). 
b Values reported by HENNE AND Fox (25). 
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butadiene, cyclopentadiene, and anthracene. 


180° 
CF,CH=CH, + CH.—CH—CH=CH, ———> Gm (48) 


(49) 


FLUORINATED CARBONYL COMPOUNDS REDUCED 
BY GRIGNARD REAGENTS 


Trifluoroacetaldehyde reacts with ethylmagnesium 
iodide, giving 20 per cent trifluoroethanol and 60 per 
cent trifluoro-2-butanol. The analogous reaction with 
pentafluoropropionaldehyde similarly yields the alcohol, 
pentafluoro-l-propanol, as the main product (28). 
The amount of alcohol is appreciably reduced in the 
presence of added magnesium bromide. 

(1) 


(1) 


CF;CF,CHO CF;CF,CH,OH 


CF;CF,CHOHC:Hs (51) 


A proposed mechanism for the reduction reaction 
involves an initial complex formation between the 
carbonyl compound and the Grignard reagent, followed 
by the shift of a beta-hydride ion of the organometallic 
compound through a six-membered cyclic intermediate 
to the carbonyl carbon atom. Nonfluorinated carbonyl 
compounds uniformly exhibit reduced vapor pressure 
readings in the presence of magnesium bromide. 
The vapor pressure of fluorinated ketones is not af- 
fected by the addition of magnesium bromide, and it 
is concluded that they do not form complexes with 
magnesium bromide. The reaction of fluorinated 
carbonyl compounds must, therefore, take place with- 
out an initial complex between carbonyl oxygen and 
magnesium of the Grignard reagent since MgBr, is a 
stronger Lewis acid than RMgX (29). 


FLUORINATED ALCOHOLS 


From the several Grignard reactions (see above) 
secondary and tertiary alcohols were obtained. In 
the case of methylheptafluoropropylearbinol it was 
found that dehydration would be effected only at ele- 
vated temperatures using phosphorus pentoxide. 

In the case of the methyltrifluoromethylcarbinol, it 
was necessary to pyrolyze the acetate at 500° in order 
to prepare the 3,3,3-trifluoro-1-propene. 


200-250 
C,F,;CHOHCH; + —-———> C;F,CH=CH: (52) 


It was found that hydrogen bromide could be added 
to the fluorinated olefins to give the reverse orientation 
(30). 
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140 
C;F;CH=CH: + HBr C;F,CH:CH2Br 


GRIGNARD REAGENTS 


Normal Grignard reagents are formed by halides in 
which fluorine substituents are removed one or more 
carbons from the other halogen. Thus 3,3,3-tri- 
fluoropropyl magnesium chloride can be oxygenated 
and-carbonated. 


H+ 
CF;(CH2)2CO.H 
CF;CH,CH:2MgCk Ht (54) 
CF;CH.CH,0OH 
Heptafluoropropyl iodide, which is obtained from 


iodine and silver heptafluorobutyrate, reacts with 
magnesium in tetrahydrofuran at —40° (31, 32). 


100° 
C;F;,COOH + Ag,O C;F;,COOAg (55) 
2' 
150° 
C;F,COOAg + Iz ———> C;F7I + CO, (56) 
CFI + Mg ——> (57) 
C,H;O 


This Grignard reagent reacts with carbonyl compounds 
by addition at —50° to —30°. 


° 


C;F;MgI + CH;COCH; C;F;C(CH;),0H (58) 


° 


C:F;Mel + CF,CO;Et —_——> CF,COG:F; (59) 
to + 25° 


° 


—50 
C.F;MgI + C;F,CHO ——— C;F,CH(OH)C;F; (60) 


A better method for the preparation of the Grignard 
reagent is the exchange reaction between phenyl- 
magnesium bromide and heptafluoropropyl iodide. 
With carbonyl compounds this reagent gives good 
yields of alcohols (33). 


ether 
CeHsMgBr + C.F C;F;MgBr + CeH;I (61) 


PERFLUOROALKYLLITHIUM 


Perfluoropropyllithium is formed by exchange of 
heptafluoropropyl iodide with methyllithium. It is 
thermally decomposed at temperatures above —30° and 
yields heptafluoropropane on treatment with acid. 


— 74° 


+ CH;Li ———> CHI + (62) 
+ HO, ———> C,F;H (63) 

35° 
C:F;Li + heat ———> C,F, + LiF (64) 


Heptafluoropropyllithium reacts with carbonyl com- 
pounds at low temperatures to give the corresponding 
addition compounds (34). 
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—74 
C;F;Li + CH;CH,CHO ———> C;F,CH(OH)C:Hs; (65) 


° 


C,F;Li + C;F,COOEt ———> (C;,F;),COH 
FLUORINE-CONTAINING SILANES 


These compounds have been prepared from hepta- 
fluoropentylmagnesium bromide by reaction with 
ethyl orthosilicate or with silicon tetrachloride (30). 
C;F,CH,CH2MgBr + Si(OEt), 

+ (67) 
Two perfluoroalkylsilanes have been prepared by the 
reaction of heptafluoropropyllithium with dichloro- 
diethylsilane. 
USES OF FLUORINE-CONTAINING COMPOUNDS 


A whole host of uses and applications have been 
found for fluorine-containing compounds; a few of the 
general fields are: 


(66) 


(68) 


Refrigerants Rodenticides 
Coolants Lubricants 

Plastics Pharmaceuticals 
Dyes Fire extinguishers 
Anesthetics (CF:Bre, CF;Br) 


As the fundamental knowledge of the effect of the 
fluorine atom on both the physical and chemical 
properties of all types of organic compounds increases, 
new uses will be found for new compounds and new 
compounds will be made for specific uses. 
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Tue Southern California Regional Section of the American Association of Physics Teachers 
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El Camino College, Santa Barbara, University of Redlands, San Diego, and elsewhere as in other 
years. Details may be secured from Professor Thomas N. Wilson, Chairman, Test Committee, 
El Camino College, El Camino College, California. 

The Section will hold its spring meeting at San Diego State College, Saturday, March 12. 
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* DIELECTRIC-CONSTANT APPARATUS FROM 


WAR SURPLUS 


Te measurement of electric dipole moments is of 
considerable value in studying the structures of mole- 
cules, and is not an extremely complicated process. 
A detailed discussion of the theory and the experi- 
mental procedures involved is given in Le Févre’s 
monograph,! “Dipole Moments,” and an introductory 
discussion has been written by Davidson.2, The most 
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osc. 


Figure 1. Heterodyne Apparat 


MIXER 


for Dielectri tant Measurements 


commonly used procedure requires the measurement of 
the dielectric constants of a series of solutions of the 
compound in a nonpolar solvent such as benzene. 
Such measurements have become a part of the physical 
chemistry laboratory program in many colleges. The 
use of this type of experiment might be more widespread 
if equipment for the necessary dielectric-constant 
measurements were more readily available. A het- 
erodyne-type capacitance measuring circuit for this 
purpose, suitable for student or research use, may be 

1 Le Févrg, R. J. W., “Dipole Moments,” 2nd. ed., Methuen 


and Co., Ltd., London, 1948. 
* Davipson, H. R., J. Cuem. Epuc., 27, 598 (1950). 


Figure 2. BC-221 Frequency Meter 
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made by very slight alteration of the BC-221 fre- 
quency meter, available on the war-surplus market. 
No change in the internal circuit is necessary; the 
conversion and use of the instrument should not re- 
quire any advanced knowledge of electronics. The 
device thus obtained has also been used with a flexible 
metal diaphragm as a differential manometer, and 
should be useful in other measurements involving small 
capacitance changes. 


THE HETERODYNE METHOD: 


In the heterodyne method of measuring capacitance 
changes, widely employed in precise dielectric-constant 
work on nonconducting liquids, the capacitor to be 
measured is made part of the tuned circuit of a radio- 
frequency oscillator, as shown in Figure 1. The fre- 
quency, f, of this oscillator depends upon the sizes of 
the inductance, L, and the total capacitance, C,, in this 
tuned circuit, as indicated by the equation 


LC = 1 


If the total capacitance, C, consists of the “unknown” 
capacitor or experimental cell (inserted at X in Fig- 
ure 1) and a standard variable capacitor, any changes in 
the cell capacitance may be measured by determining 
the change in the standard capacitor which is necessary 
to return the oscillator frequency to its original value. 

Accurate reproduction of the original frequency is 
accomplished by comparing the variable oscillator with 
a fixed-frequency oscillator, which is generally con- 
trolled by a crystal. By means of an electronic ‘‘mixer 
circuit,”’ the heterodyne or “beat”’ frequency, equal to 
the difference between the two oscillator frequencies 
(or between harmonics of those frequencies), is obtained. 
When the oscillator frequencies (or harmonics) are 
nearly equal, the beat frequency will be in the audible 
range, and may be followed with earphones or a loud- 
speaker. By changing the variable capacitor so as to 
obtain the lowest possible pitch, the frequency of the 
variable oscillator may be made to match that of the 
crystal oscillator. 


THE INSTRUMENT 


The two radio-frequency oscillators and the mixer in 
the apparatus described above involve a fair amount of 
electronic circuitry, and the construction of such an 


3 DanrgE:s, F., J. H. Matuews, J. W. WILLIAMS, ET AL., “Ex- 
perimental Physical Chemistry,” 4th ed., McGraw-Hill Book Co., 
Inc., New York, 1949, pp. 238-41. 
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instrument for research purposes can take several 
months. However, the BC-221 frequency meter, used 
by the armed forces during the recent war, contains all 
the circuit components necessary; the only essential 
change is addition of a connection for a cable leading to 
the experimental cell. This meter is still available, at 
prices in the range of $85 to $125, from a number of 
war-surplus houses. 

To make the necessary alterations, the electronic 
portion of the BC-221 may be removed from the carry- 
ing case by loosening the four large screws on the front 
panel and then pulling the panel forward. The place- 
ment of the connector for the experimental cell is shown 
in Figure 2. A type 83-IR coaxial connector is satis- 
factory for this purpose, and requires a */s-inch hole 
which must be drilled in the front panel. The center 
or ungrounded terminal of this connector should be 
soldered to a short length of insulated wire, the other 
end of which should in turn be soldered to the stator 
(stationary portion) of the variable capacitor as shown 
in Figure 3. This converts the BC-221 to measurement 
of capacitance. 

Though no other changes are necessary, the user may 
find that certain additional alterations add to the con- 
venience of the instrument. The most important of 
these is the addition of a line-operated power supply. 
The BC-221 is normally powered by a 135-volt “B” 
battery and a set of four 1.5-volt cells providing a 6- 
volt ‘“‘A”’ supply. These batteries are housed in a 
compartment reached from the back of the case. If 
the instrument is to be in regular or continuous opera- 
tion, frequent replacement of the batteries, especially 
of the 6-volt supply, may be necessary. Substitution 
of a storage battery for the four 1.5-volt dry cells is 
possibly the simplest solution to this problem; how- 
ever, the construction of a line-operated supply may 
appear desirable. The power requirements of the in- 
strument are 10 milliamperes at 100-150 volts d. c. and 
1 ampere at 6.3 volts a.c.ord.c. The circuit shown in 
Figure 4 is adequate and should cost about $7 to build. 
The power supply may be easily constructed to fit into 
the battery compartment of the instrument. 

On certain early models of the BC-221 frequency 
meter a slight change in internal circuitry must be made 
if an a.-c. 6.3-volt filament supply is to be used. In 
these models the d.-c. filament voltage was also used 
to supply the grid-bias potential for-one vacuum tube. 
Whether a change will be necessary for a particular 
instrument may be determined by studying the circuit 
diagram found on the inside of the cover of the battery 
compartment. If the cathode circuit of the final (right- 
hand) tube in the diagram resembles Figure 5A rather 
than 5B, it will be necessary to disconnect the cathode 
from the filament lead and reconnect it to ground 
through a 470-ohm resistor. Figures 5C and 5D show 
the bottom of the socket for a type 76 tube before and 
after this change. ‘ 

Though certainly not necessary, a second change in 
internal circuitry may prove convenient if a line- 
operated supply is added. The BC-221 is provided 


tion for C 
tance Measurement 


Figure 3. Internal C 


of BC-221 for Capaci- 


with an interlock feature on the headphone jack so 
that when the phones are disconnected the power is 
turned off. This feature is valuable if the instrument is 
battery-powered, as the front cover cannot be closed 
without unplugging the headphones, and the danger of 
excessive battery drain owing to carelessness is reduced. 
However, if the instrument is line-operated this inter- 
lock feature may become a nuisance, since the instru- 
ment operates most satisfactorily when allowed to warm 
up for an hour or so, and it may not be convenient to 
leave the headphones connected during this period. 
Fortunately, the interlock feature is easily removed. 
By observing the switching action which takes place on 
the jack when the headphone plug is inserted and re- 
moved, one may find the switch terminals providing 
the interlock and short them with a piece of bare wire. 


CELL CONSTRUCTION 


The cell for use with this instrument should be of 
such a size that the highest capacitance to be measured 
will be within the range of the variable capacitor. The 
size of this capacitor in the particular model of BC-221 
used may be determined from the circuit diagram inside 
the back cover. As an example, if benzene solutions 
having dielectric constants of 3 or less were to be ex- 
amined and the size of the variable capacitor is 140 
micromicrofarads, the air capacitance of the cell might 
well be 30-40 micromicrofarads. 

The construction of a glass cell has been described 


Figure 4. Line-operated Power Supply 
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Figure §. Circuit Changes for Line Operation 


by Le Févre,! and Davidson? has described a cell 
equipped with a water jacket. The authors have 
recently designed a metal cell with Teflon spacers. 

The cell is best connected to the instrument by a 
coaxial conductor with appropriate connector. The 
outer conductor or shield should be grounded, and 
should be connected to the outer cylinder of the cell. 
In addition, this cable should be as short as possible 
and should not be moved during a measurement, as 
the capacitance between inner and outer conductors is 
included in the apparent capacitance of the cell. 


OPERATION 


While it is beyond the scope of this paper to describe 
the entire process of dipole moment determination, 
stepwise instructions for operation of the instrument 
and determination of the capacitance change upon 
introduction of the sample solution to the cell are given 
below. Before turning on the instrument, the operator 
should become familiar with the operation of the con- 
trol with the graduated scale, which controls the 
variable capacitor within the instrument. 

(1) Turn on the instrument and allow it to warm up. 
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(2) Set the function-selector switch to “Crystal 
Check”’ and the range switch to ‘‘Low Range.’’* 

(3) Connect headphones at the phone jack at the 
lower left of the control panel. 

(4) Connect the empty cell to the instrument. 

(5) Set the graduated dial at the upper end of its 
scale (reading 50.000) and start slowly down scale until 
a loud, wide beat note is heard. Many different notes 
will be found as the dial is turned; the one selected for 
use during the measurement should be loud and broad 
enough that it may easily be distinguished from its 
neighbors. 

(6) Having found a suitable beat note, adjust the 
dial carefully until the lowest possible pitch is obtained. 
If the cell is dry and clean, and if the instrument has 
been allowed to warm up sufficiently, this pitch will not 
change with time. 

(7) Record the readings of the scales and vernier. 

(8) Slowly admit the sample to the cell, noting that 
the pitch of the audible note changes as the cell is filled. 

(9) By adjusting the dial, follow the beat note along 
the scale until the cell is filled and the note stops 
moving. 

(10) Again find the lowest possible note and record 
the scale and vernier readings.® 

(11) After the cell is emptied and cleaned, the next 
sample may be measured by repeating steps 4 through 
10. 


CALIBRATION 


The two scales of the variable capacitor with the 
vernier reading provide a total of 50,000 divisions. 
Unfortunately, this scale does not vary linearly with 
capacitance, so that a calibration curve must be con- 
structed. Perhaps the simplest method of calibration 
is to connect a calibrated variable capacitor in place of 
the cell. The number of points necessary to accom- 
plish the calibration will depend upon the accuracy 
desired in the results; the calibration curve is fairly 
smooth, thus simplifying the process. 

If desired, the variable capacitor may be calibrated 
without recourse to any external standard; this pro- 
cedure depends upon the presence of a hundred or more 
audible beat notes throughout the range of the instru- 
ment. Each of these notes corresponds to a frequency 
at which some harmonic (multiple) of the variable 
frequency oscillator is equal to some harmonic of the 
crystal oscillator, so that the variable oscillator fre- 
quency is a rational fraction of the crystal frequency 
(one megacycle). Starting from the low scale readings 


4 These two controls remain in these positions throughout the 
measurements; it might even be advisable to re- 
move these two knobs from their shafts to avoid 

+ careless changing of the dials and to simplify the 
appearance of the control panel. 


5 Unless the solutions have been maintained at 

the measurement temperature, sufficient time 

| must be allowed for the sample to come to the 
temperature of the bath surrounding the cell be- 
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and moving “up scale,” the strongest and broadest 
audible signals correspond to 1/3, '/7, 1/6, */s, and 1/, of 
one megacycle.* From the equation given above, the 
capacitance at each of these points may be obtained. 
The weaker signals between these values may in turn 
be identified. For example, the strongest signal be- 
tween the ones at “!/;” and “‘!/;” will be at a frequency 
of */,5 of one megacycle; this will be about midway be- 
tween the former two. To each side of ‘?/;,” will be 
*8/o3”” and ‘‘*/.”” The strengths of these signals de- 
crease as the numerators of the fractions increase, thus 
aiding in identification. Signals such as ‘‘!°/z;” are 
clearly audible if this many points are desired for cali- 
bration. The “spectrum” of audible beats between 
“17,” and “1/7” is shown in Figure 6. 

This internal calibration cannot be made in terms of 
conventional capacitance units unless the size of the 
coil Z in the tuned circuit is known. However, if the 
cell used is calibrated in terms of the arbitrary units 
selected for the calibration, this will not matter. 
Measurement of one known capacitance with this 
apparatus will, of course, permit calibration in terms of 
micromicrofarads. 

As a trial of this apparatus, the dipole moment of 
1,2-ethanedio] diacetate was determined. The com- 
plete procedure for measurement of a dipole moment 


-§ The note at ‘‘'/,” may be off scale at the upper end. 
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is beyond the scope of this paper; the method employed 
has been described by Halverstadt and Kumler.’? The 
internal consistency of the data was comparable to that 
obtained in this laboratory using published heterodyne 
dielectric-constant circuitry.® 

Density of the solutions and the refractive index of 
the pure unknown are also necessary to the calculations; 
the latter value is often approximated by summing the 
refractions of the bonds present. In the present case 
the molar refraction from the measured refractive in- 
dex was 33.225, while that obtained from bond refrac- 
tions was 33.216. The dipole moment of 1,2-ethanediol 
diacetate was found to be 2.82 D. 

The instrument may also serve as a differential 
manometer by observation of the capacitance between 
a flexible metal diaphragm and a fixed plate. It was 
thus possible to measure pressures of gases corrosive to 
mercury and other manometer liquids. An adapted 
BC-221 is being used in this manner with halogen 
fluoride vapors. 
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. NOTE ON THE REPRESENTATION OF THE ELECTRONIC senate 
OF ACETYLENE AND BENZENE 


A.THouGH the individual z bonds in acetylene have 
the shape indicated in Figure 116 of “‘A physical picture 
of covalent bonding and resonance in organic chem- 
istry,”! the figure is misleading, since ‘‘the superposi- 
tion of two perpendicular z bonds around the same 
axis leads to cylindrical symmetry.’”’? Hence the ac- 
companying Figure 1 is a better representation of the 
1 C. R., J. Cuem. Evuc., 27, 504 (1950). 


2 Coutson, C. A., “Valence,”’ Oxford University Press, Oxford, 
1952, p. 193. 
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shape of the electron cloud about the axis of acetylene. 

The overlapping of p orbitals in benzene, however, 
does not lead to a circular distribution as represented 
by Figure 15d of the earlier article,’ but to a hexagonal 
shape’ as illustrated by the accompanying Figure 2. 


3 Coutson, C. A., N. H. Marcu, anv S. L. Atrmann, Proc. 
Nat. Acad. Sci. U. S., 38, 372 (1952); N. H. Marcu, Acta 
Cryst., 5, 187 (1952). 
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o SPONTANEOUS EXPLOSION OF A NORMALLY 
STABLE COMPLEX SALT 


An wevre sample of trihydrazinenickel(II)nitrate 
was prepared several years ago in this laboratory by 
the simple method of adding a concentrated hydrazine- 
hydrate solution to an aqueous nickel-nitrate solution.! 
The product was apparently a mixture of the di- and 
trihydrazine complexes containing approximately 2.7 
moles of hydrazine. The mixture was found to be 
stable and safe to handle under ordinary conditions, 
but was fairly sensitive to impact and friction. 

Because of this laboratory’s interest in extending the 
range of stable and nonhygroscopic, pyrotechnically 
active compounds which are sufficiently active to 
qualify as possible prime flame-producing, initiating, 
or similar agents, the pure compound was made and 
studied using the method of Franzen and von Mayer.? 
The method consists of the preparation of the tetram- 
minenickel(II)nitrate as an intermediary with the 
subsequent replacement of ammonia by hydrazine when 
the ammine is heated with a hydrazine hydrate solution. 
The resulting trihydrazinenickel(II)nitrate was a 
pure salt which was prepared on several occasions by 
this method in quantities of 5 to 180 grams. On one 
occasion the moist product produced by this method 
spontaneously deflagrated. Its drop-weight sensitivity 
under a 2-kg. weight was 100 per cent at 16'/2 inches, 
which classifies it as a moderately impact-sensitive 
compound to be treated with circumspection though 
with fewer precautions than are reserved for primary 
explosive mixtures containing such compounds as azides 
and fulminates. 


RECENT WORK 


Upon learning of the method of Medard and Barlot,* 
this laboratory produced a small amount of the nickel 
compound as well as the hydrazine complexes of man- 
ganese, zinc, and cadmium as described in the reference. 
A solution of nickelous nitrate in ethanol was added 
slowly and with agitation to a 40 per cent solution of 
hydrazine hydrate in ethanol. The hydrazine was in 
excess by approximately 5 per cent. The extremely 
fine pink powder was washed with ethanol and then 
dried for 16 hours in a vacuum desiccator containing 
calcium chloride and powdered ethy] cellulose. After 


1 FRANZEN, H., anp O. von Mayer, Z. anorg. Chem., 60, 247 
(1908). 

2 Franzen, H., anp O. von Mayer, Z. anorg. Chem., 60, 248 
(1908). 

Meparp, L., anp J. Bariot, Chem. Abstracts, 48, 6125 
(1954). 
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drying, approximately 1.5 g. of the product remained in 
a 120-mm. porcelain evaporating dish. 


DESCRIPTION OF ACCIDENT 


The dish, containing the powder in the form of a 
dry cake, was removed from the desiccator and was 
examined visually without being disturbed. The dish 
was carried in the person’s hand with his index finger 
extended above it. During this handling, the contents 
exploded with a deafening report, shattering the dish. 
About ten minutes had elapsed since the compound had 
been exposed to the atmosphere. Injuries consisted of 
a badly bruised finger tip and of a few small scratches 
on the face. Safety glasses were worn by the victim, 
this being a requirement for every person engaged in 
any kind of laboratory work at this installation. 


HYPOTHETICAL CAUSES 


It appears likely that notwithstanding the thorough 
washing of the compound on a Biichner funnel, hydra- 
zine was occluded or was present in the form of an un- 
stable higher complex. The presence of filter fibers 
or of residual alcohol after drying at room temperature 
is possible. Exposure to air may have initiated a 
spontaneous decomposition reaction between some 
uncombined hydrazine and combustible contaminants. 
These explanations are entirely speculative. How- 
ever, they agree with similar though less spectacular 
experiences in this laboratory during the course of 
synthesis of similar compounds. 


RECOMMENDATIONS 


Complex salts which contain oxygenated anions of a 
pyrotechnically active type such as nitrite, nitrate, 
chlorate, perchlorate, and others in conjunction with a 
‘“fuel,”’ such as ammonia, hydrazine, hydroxylammine, 
organic amines, etc., as a complexing agent are all 
potential explosives because of the presence of a strong 
oxidizer and a fuel within the molecule. Some of them 
are not explosive, but others may detonate more or less 
violently. Chlorate, perchlorate, and nitrate form a 
series of decreasing explosive potential; and of the com- 
plex-formers, hydrazine is especially dangerous. 

Therefore, any of these compounds should be pre- 
pared, handled, and stored as if they were initiating 
explosives until proved otherwise by repeated prepara- 
tion in an identical manner and by physical tests com- 
monly used for the testing of explosives. 
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ARTICULATION OF HIGH-SCHOOL AND COLLEGE 


CHEMISTRY INSTRUCTION 


Osviovsty, science teachers are motivated by a com- 
mon interest in science and a desire to pass that interest 
along to others. To this end, chemistry teachers in 
both high school and college are responsible for con- 
structive and cooperative efforts. Fortunately, this 
spirit of cooperation has recently come to the fore. 
There is far less belittling or lack of appreciation, on the 
part of the colleges, of the efforts of high-school chem- 
istry instructors than in the 1920’s when Kent (8) wrote: 

Cooperation is needed between the high schools and colleges. 
Modern school organization has achieved an acceptable solution 
to the gap between grades 8 and 9. Having organized curricula 
for pupils not going to college, the high school now demands that 
colleges admit all high school graduates. This is inconsistent 
with school practice below the high school level. Colleges should 
organize XYZ classes, provide advisors for freshmen, and state 
their objectives. 

Today many colleges do provide for homogeneous 
grouping when size permits. Student counseling and 
specific statements as to the objectives of each course 
are common. In spite of such progress the picture is 
not all rosy. The already befuddled freshman still 
frequently hears that frustrating injunction, ‘Forget 
your high-school chemistry—this is college!’ Is such 
a charge justified? Is it meant to be taken literally? 
If the answers to these questions are in the affirmative, 
it is certainly high time that secondary-school and col- 
lege chemistry instructors got together more frequently 
to consider each other’s contributions and aims. 

An effort in this direction was described in 1954 by 
Smith (10) who recorded some of the suggestions pre- 
sented in a panel discussing the topic ‘“‘What the uni- 
versity would like from the high-school teacher.’ 
These included, for the future nonphysicist: limited 
subject matter, applications to everyday living, demon- 
strations and experiments, and insight into scientific 
method. For future physicists the suggestions seemed 
compatible: interest in physics, interest and ability in 
mathematics, some content, and a little understanding 
of the nature of research in physics. 

A somewhat similar panel discussion was conducted 
at Cornell University in March of last year. The con- 
sensus of several professors of freshman physical-sci- 
ence courses was in line with those mentioned above. 
Again, interest in the field, adequate mathematics 
preparation, understanding of a few major principles 
and techniques, and ability to verbalize were the es- 
sentials stressed. 

The problem, then, resolves itself into one of yertical 
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land, New York. 


ALBERT E. LAWRENCE! 
Cornell University, Ithaca, New York 


articulation. Stripped of the verbosity of an educa- 
tional dictionary, this term simply implies for our pur- 
poses an efficient interrelation of content, method, and 
objectives between high-school and first-year college 
chemistry courses. That a problem exists is evident 
from the frequency of suggestions such as those cited 
above. It is also evident when one considers the rela- 
tively stagnant or even decreasing physical-science en- 
rollment in American high schools. 

Johnson (5) has reported a decrease of 9.2 per cent in 
high-school physics enrollment during the period from 
1910 to 1949. During the same period, enrollment in 
high-school chemistry has increased only 0.7 per cent. 
Meanwhile, biology enrollment has increased 17.3 per 
cent. Similar statistics for New York State were re- 
ported by Van Hooft (/2) for the period from 1935 to 
1953. Physics enrollments again showed slight year- 
to-year fluctuation but remained fairly constant. 
Chemistry dropped somewhat during the early 40’s 
then rose again by 1953, but only to 1.2 per cent above 
the 1935 figure. High-school biology enrollment, on 
the other hand, doubled during the same period. Could 
it be that we are keeping youth away from the high- 
school physical sciences? 

Thirty years ago science educators were bemoaning 
the all too common disregard in college of what the 
student had done in high school. It is evident that this 
situation still obtains. During twelve years of second- 
ary-school science teaching, seven of which were de- 
voted almost exclusively to the teaching of chemistry, 
the author has had several hundred students go on to 
college chemistry. Not infrequently these students 
return with the disconcerting report that their profes- 
sors have advised them to forget, their high-school 
chemistry. Some professors have even suggested that 
having had high-school chemistry would be a distinct 
disadvantage to them. 

Now what are some of the facts? Are there men of 
science who are really sincere in this belief or is it a 
professional ruse designed for such a purpose as that of 
keeping the former high-school chemistry student on 
his toes? If they are indeed sincere and their ideas are 
based on objective evidence, then changes in the high- 
school chemistry course are mandatory. Whatever 
their bases, it is appropriate that both high-school sci- 
ence teachers and college professors re-examine their 
course content, teaching methods, and motives. The 
literature in this field does not give us the whole answer. 
No writer seems willing to put the “forget high-school 
chemistry”’ injunction into print. However, brief men- 
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tion of a few articles dealing with high-school prepara- 
tion seems appropriate at this point. 

In 1936 the Committee on Correlation of High-School 
with College Chemistry, Division of Chemical Educa- 
tion, published “An Outline of Essentials for a Year of 
High-School Chemistry’’ (7). Preceding it were sug- 
gestions stated somewhat in the form of objectives. A 
condensation of these is included herein: 


(1) To show the service of chemistry to our country 
(2) To provide a foundation for college chemistry 
(3) To train in observing, exact reasoning, and scientific at- 
titude 

(4) To correlate recitation and experiment 
(5) To keep laboratory notebooks in concise, clear English 
(6) To build on earlier sciences and to interrelate sciences 
(7) To encourage use of references and science periodicals 
(8) To discover and encourage pupils with scientific aptitude 
(9) To stress principles involved in specific cases 

(10) To use well-established principles of psychology 


Ehret (3) of New York University listed in 1948 nine 
such essentials: 


(1) Appreciation of the service of chemistry to our country 

(2) Minimum of fundamental topics and principles 

(3) Knowledge of scientific method 

(4) Ability to express in concise, clear English 

(5) High school chemistry should have enabled him to discover 
aptitude for further study in chemistry—or lack of such 
aptitude 

(6) Easily readable handwriting 

(7) Simple arithmetic and elementary algebra 

(8) Skill in handling apparatus and materials 

(9) Understanding that dishonesty and science do not go 

together 


Rogers (9) of Princeton University stressed the ne- 
cessity for increased emphasis on understanding of 
science, even to the exclusion of some subject-matter 
content. Better preparation in algebra and laboratory 
work on a simple scale for all are among his recom- 
mendations. Rogers feels that pupils should be “‘de- 
lighted’’ with their science courses. 

Other pertinent comments include a voicing by S. E. 
Q. Ashley (2), of General Electric, of a universal com- 
plaint against scientific research workers: namely, 
their inability to write adequate and understandable 
memoranda or to spell and write legibly. Gerald 
Wendt (13), Natural Science Department of UNESCO, 
emphasizes that high school is not the place to train 
specialists in chemistry. He also mentions, as do 
others, the need for discovering and encouraging pupils 
having special science aptitudes. 

In still another report, Allen (/) mentioned two or 
three chemistry courses specifically adapted to pupil 
needs, interests, and abilities. In these, the participat- 
ing pupils’ grade-point averages after one year of college 
were found to be slightly better than the averages of 
comparable pupils in more conventional chemistry 
courses. Williams and Lafferty (/4), in a study of 
freshman chemistry students at East Texas State 
Teachers College, 1948 to 1950, found that a course in 
chemistry at the secondary-school level appears defi- 
nitely to be an aid to students who enroll inthe beginning 
course in college. 
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Two more extensive studies concerning the value of 
high-school preparation were reported in 1953. One 
five-year study by Thompson (1/1) showed “a definite 
correlation between a student’s chance of success or 
failure in general college-chemistry and his previous 
preparation in chemistry in secondary schools.”” The 
other, by Hadley, Scott, and Van Lente (6), attempted 
to demonstrate the value of high-school physics and 
mathematics as well as chemistry in producing profi- 
cient college chemistry students. Trends appeared in 
their study which supported this hypothesis. 

Fully cognizant of the dangers of oversimplification 
and distortion of meaning, an attempt will here be made 
to consolidate these suggestions and research findings in 
order to obtain a clearer view of what attitudes, skills, 
and knowledge the colleges expect of their entering 
freshman chemistry students. It is intended that the 
order in which the following items are listed should re- 
flect the degree of emphasis apparent in the above men- 
tioned references (I—most; 8—least). 


(1) Sincere interest in chemistry. 

(2) Interest and ability in mathematics (minimum, 
2 years in high school). 

(3) Understanding of scientific method. 

(4) Ability to use clear, concise English. 

(5) Minimum of fundamental principles (content). 

(6) Legible handwriting and correct spelling. 

(7) Understanding of his aptitude or limitations. 

(8) Skill in manipulating laboratory apparatus and 
other materials. 


With minor revisions (especially in mathematics) the 
above list may well be applied to other fields of physical 
science. 

To this point consideration has been given to: (1) 
the existing situation, both past and present; (2) the 
necessity for articulation of secondary-school and 
college chemistry; and (3) a survey of the opinions of 
selected leaders and investigators in the field. Al- 
though considerable space has been devoted to what the 
college faculty want, little has been mentioned as to 
what the students think is necessary for success in first- 
year college chemistry. 

The writer has recently carried on research involving 
a random sampling of nearly 1000 freshman science 
students taking first-year chemistry at Cornell Uni- 
versity during the year 1953-54. As a part of this 
study, questionnaires were answered by these students 
in which they rated the relative importance of some 56 
items involving subject matter, attitudes, and skills in 
high-school chemistry, physics, and mathematics. 
They were asked to rate these items either 1 (extremely 
important), 2 (very important), 3 (moderately im- 
portant), 4 (insignificant importance), or 5 (uncertain) 
in terms of adequately preparing high-school students 
for college chemistry. The percentages of each type of 
response listed below pertain to a summary of the an- 
swers of the first 60 respondents. Final results were 
not available at the time of writing. 


= 
= 
qu 
pa 
th 
t 
an 
bo 
col 
po 
hig 
ity 
pre 
qu 
rat 
obt 
che 
hig 
wel 
stu 
mé 
ter 
The 
frec 
lish 
Af 
sch 
imp 
— 
re 
1 


TABLE 1 
Relative Importance of Various Factors for Success in First-year College Chemistry 


—Rank in importance——~ 
1 2 3 


Uncertain 


Questionnaire item 


37 35 20 
22 28 31 
23 
41 


Interest and enjoyment in science 

Av. of mses to 12 mathematics content items) 

nderatanding of scientific method (not included) 
Clarity in expression of ideas 
ae of responses to 15 chemistry content items) 

Yeatness in handwriting and spelling accuracy 

Understanding aptitude in chemistry (not included) 
Individual laboratory work 


The first items reported have been selected from the 
questionnaire and grouped togetherin Table 1 for com- 
parison of student opinion with the composite opinion of 
the numerous science educators mentioned previously. 

Rated highest in chemistry subject matter were such 
topics as: gas laws ané:prineiples; solutien, hydration, 
and ionization principles; chemical formulas and 
bonding; equation balancing; atomic and molecular 
concepts; and chemical mathematics. In the section 
on high-school mathematics content, exponents and 
powers of ten and manipulation of decimals were rated 
highest. In English or other appropriate courses, clar- 
ity in expression of ideas, reading for speed and com- 
prehension, and note-taking techniques were most fre- 
quently rated important. 

A final section of the questionnaire was essentially a 
rating scale for chemistry teachers... It. was designed to 
obtain student opinion as to the desirable traits of a 
chemistry teacher. The students’ responses are listed 
in Table 2 

Some general suggestions for improvement of the 
high-school preparation of future chemistry students 
were obtained during personal interviews with 110 
students from the above-mentioned group. All com- 
ments were unsolicited and usually came late in the in- 
terview when confidence and rapport was at its peak. 
The students seemed eager to offer suggestions and 
frequently expressed the hope that they might be pub- 
lished for consideration by high-school science teachers. 
A few student recommendations with respect to high- 
school chemistry follow. No order of importance is 
implied by this listing. 

Separation of college preparatory and noncollege students. 


Need to understand a little rather than to memorize much. 
Greater flexibility, but with obvious relationship of topics. 
Relate paper-work to actual chemicals and reactions. 
More study of theory; less generalization. 

Teach oxidation-reduction balancing of equations. - 

Less stress on industrial and historical chemistry. 

More laboratory work (especially quantitative). 
Lecture-note-taking techniques. 

Greater stress on ionization principles. 

More mathematical problem work in chemistry. 


With respect to high-school mathematics courses, 
these students recommended the following: 


More scientific problems in mathematics courses, or 

A separate physical-science mathematics course. 

Many mathematics courses for the college-bound. 

More exercises in interpreting and setting up problems. 
Use of significant figures. 


There are those who insist that college students, 
especially freshmen, are not qualified to speak on such 
subjects as course content, necessary prerequisites, or 
teacher traits. It is interesting to note the parallelism 
that exists between the opinions of these students and 
the opinions of the authorities previously cited. The 
sampling of students used in the above study had a 
mean score on all examinations during the year within 
one per cent of the mean score of the 988 students in the 
total population. This fact plus other similar evidence 
would seem to indicate that they are representative of 
the larger group. It does not imply, however, that the 
results may be considered as typical of freshmen in any 

college chemistry course. 

Returning now to the admonition to forget high- 
school chemistry, it may or may not be entirely justifi- 
able. The foregoing comments indicate reasons for de- 


: TABLE 2 
Students’ Ranking of the Relative Importance of Various Traits in Teachers of Chemistry 


% students 
responding 
1, 2, or 8 


in importance————- 


Questionnaire item 


100 


« 
— 


BRRSZSREE 


Enthusiasm and interest such that students ‘‘catch”’ it 
Definite interest in student study habits 
Poise and control of classroom 
Mastery of subject 
Clarity of explanations 
Personal appearance 
Tendency to give maximum assignments and tests 
Tendency to give moderate assignments and pred 
. Tendency to give minimum assignments and tes 
Pleasant student-instructor relations (both in pees out of class) 
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bating the point either way. The picture is admittedly 
far from complete, but even the limited facts presented 
herein spell out the need for further study of this very 
real problem by those concerned both at the secondary- 
school and the college levels. 
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@ TESTED DEMONSTRATIONS IN GENERAL 


CHEMISTRY 


Tuer is something new under the sun in this issue of 
THE JOURNAL: the beginning of a monthly page of 
tested lecture demonstrations in general chemistry. 
Each issue for the next two years will cover a different 
topic, 24 in all, so as to encompass the whole area of 
general chemistry. 

Value to the Teacher. Perhaps, as a teacher of general 
chemistry, you have performed only a few scattered 
experiments each year because you have not had suf- 
ficient time to assemble the materials. If so, this proj- 
ect should help you. For it will enable you easily ‘to 
prepare material for an entire year’s demonstations in 
general chemistry. You will note that the demonstra- 
tions, the first of which series appears in this issue, are 
marked so that they may be cut out and filed in a loose- 
leaf notebook as a complete set of lecture experiments. 

Topics. The titles for the next two years follow. 


A. INTRODUCTION 
1. Chemical changes 
2. Oxygen 
3. Hydrogen 
4. Water, acids, bases, salts 
B. PHYSICAL CHEMISTRY 
States of matter, solutions 
Ionization 
Energy 
Equilibrium, oxidation and reduction 
Atomic chemistry, nuclear reactions, planetary 
changes 
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C. CHEMISTRY OF THE ELEMENTS 
10. Group 0—the air 
11. Metallurgy 
12. Group I—alkali metals, copper group 
13. Group II—alkaline earth metals, zinc group 
14. Group Il1J—aluminum, rare earths 
15. Group II-IV—boron, silicon 
16. Group IV—inorganic carbon 
17. Group V—nitrogen 
18. Group V—phosphorus family 
19. Group VI—sulfur family 
20. Group VII—the halogens 
21. Group VIII 
22. Other metals—Sn, Pb, Cr, Mn, etc. 


D. ORGANIC CHEMISTRY 
23. Chain compounds, ring compounds 


E. COLLOID CHEMISTRY 
24. Colloids 


Basic Experiments Only. The first 24 sheets of this 
series will contain basic experiments only. More spec- 
tacular and dramatic experiments may be known, but 
their use might not be as good pedagogy. For example, 
the orthodox experiment on elements, mixtures, and 
compounds involves a series of tests with iron, sulfur, 
and iron sulfide; using CS, to dissolve the S, a magnet to 
separate the Fe, and HCI and either lead-acetate paper 
or odor to confirm the sulfide. Now iron, sulfur, and 
rotten-egg smell are familar to the beginning student, 
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and it is therefore good pedagogy to use them in an 
early lecture. A far more bizarre experiment using anti- 
mony, iodine, and antimony iodide involves brilliant 
color changes. But these chemicals are unfamiliar to 
the beginner, and hence are less valuable pedagogically. 
Therefore iron-sulfur not antimony-iodine appear in 
this first series. 

Later Series: Tested Demonstrations. However, it is 
planned, after the first 24 sheets have appeared, to 
continue the series with more dramatic ways of carrying 
out these and other experiments. To this end chemistry 
teachers are urged to submit their favorite experiments 
to Professor Frederic B. Dutton, Department of 
Chemistry, Michigan State College, East Lansing, 
Michigan, who will act as editor for this series, receive 
your suggestions, and submit them to a panel of teachers 
for testing in the laboratory. Those demonstrations 
having special merit will be published later on, with 
proper acknowledgement to the authors. The demon- 
strations appearing in this first set of 24 topics have al- 
ready been tested by the author well over half a hundred 
times. 

Terse Instructions. The teacher will find the instruc- 
tions very brief. The equipment is listed; then in bold- 
faced type is stated what the lecturer does, or what 
occurs. The instructions are sufficient, however, for 
certainly a teacher knows what to do if he reads: 


1-15 Zn rod, PbAc»-aq., 600-ml. beaker. Form lead tree. 


This will be the fifteenth experiment under Topic 
1. The ag. is used throughout the series to desig- 
nate an aqueous solution of 3-M concentration. The 
experiment is to immerse a zinc rod in a 3-M aqueous 
solution of lead acetate. A beautiful dendritic form of 
metallic lead forms on the rod. In some experiments 
footnotes amplify the instructions. 

Demonstration Kits. Also in the footnotes are indi- 
cated labels for the teacher to type, fasten to suitable 
containers, and lay away in kits, so that the set of ex- 
periments can be repeated several times in one year, 
and from year to year. Details for making these kits 
are given in the instructions for Topic 1. 

Student Workbook. The author has used these sheets 
in another way. When he lectures on oxygen, for ex- 
ample, he distributes a copy of the oxygen demonstra- 
tion sheet (Topic 2) to each student. At one point in 
the lecture he may announce that he is performing ex- 
periment 2-9, After performing it, he tells the student 
to write down on the sheet the equation for what oc- 
curred and the principle being illustrated, pausing long 
enough in his lecture for the student to do this. This 
forces the student to think rather than to bask idly in 
the pleasure of the excitement of the experiment. The 
sheets, collected at the end of the lecture, show the lec- 
turer whether his demonstration was properly under- 
stood by the class. 


DEMONSTRATION HINTS 


Teachers are in the greatest selling game in the 
world—the selling of intellectual curiosity to their 
students. Some miscellaneous selling tricks are there- 
fore not amiss at this point. 

Lecture Box. A brightly-illuminated lecture box is a 
prerequisite. An improvement over the box described 
in THIS JOURNAL (25, 249 (1948)) is a single box 12 in. 
wide X 10 in. high X 8 in. deep, with a backboard 12 
X 7 in. and a gooseneck pipe holding a 150-watt spot- 
light 18 in. above the platform. Two similar boxes 
without lights are also useful for occasional experiments, 
one painted white for colored precipitates and one black 
for white precipitates. 

Special Apparatus. Avoid elaborate pieces of ap- 
paratus; do not get out a cannon to shoot a fly. Special 
apparatus which is ready for instant use is preferable to 
something which has to be laboriously assembled; for 
instance, build an electrolysis-of-water apparatus with 
a self-contained battery. Keep the equipment simple. 
Elegant as a magnetic stirrer is, for example, the sight 
of the lecturer stirring the solution with a glass rod is 
more instructive. Often special precautions, such as 
unnecessary drying of gases by passing through calcium 
chloride, are extraneous operations which obscure the 
main reaction and only confuse the student. 

Manipulative Techniques. Do not obstruct the view 
of your apparatus; keep your hands out of the way as 
much as possible. Arrange the equipment and chemicals 
in the same sequence as you intend to use them, instead 
of conducting a frantic search during the lecture. If 
an experiment fails, do not labor to make it work, 
desperately repeating it over and over again until the 
class feels as desperate as you. Instead, relate why you 
think the experiment failed and promise to carry it out 
successfully the next day. See that you do. Experi- 
ments which fail reflect badly upon the lecturer’s abil- 
ity, or upon his judgment in keeping them in his reper- 
toire. 

Surprise, humour, and truth are the servants of a good 
lecturer. Surprise is indispensable; employ it where 
you can. Let us take the case of mixing 90 ml. ethanol 
with 10 ml. saturated calcium acetate; a gel forms. 
The worst way to perform this is to announce that the 
gel will form, and then mix and stir the solutions until 
your prediction is fulfilled. Instead, slowly pour alcohol 
from beaker 1 into the calcium acetate solution in 
beaker 2; then pretend to pour the mixture back into 
beaker 1. Since a gel has formed, nothing pours out, 
much to the astonishment of the class. Then explain 
what has occurred. Humor is a lifeline in any lecture, 
especially when anything goes wrong. And truth, 
nothing but the whole truth, will answer. Never fake 
experiments. If the experiment is so poor that it needs 
to be faked, abandon it; instead turn in thiz issue to the 
page of tested experiments which always work! 
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ea RECENT ADVANCES IN PETROLEUM 


REFINING’ 


Rerinine of petroleum consists of making it into 
gasoline, heavier fuels, lubricants, and many other 
products. Gasolines and solvent naphthas roughly 
comprise the lower-boiling half of all refined petroleum. 
Heavier fuels for heating and diesel engines make up 
about one-quarter. Lubricants of many kinds rep- 
resent nearly one-eighth. Lesser products like chem- 
icals, waxes, asphalts, and coke together make up a 
little over one-sixteenth. Most of the remaining 
sixteenth is burned in the refinery to provide the energy 
needed to process the rest. 

Thus, more than three-fourths of petroleum goes into 
fuels that are burned. Gasoline burns under exacting 
conditions and deserves by far the most research— 
fundamental as well as applied. The heavier fuels, 
burned in devices that are less demanding, require less 
attention. Naturally, the advances in petroleum re- 
fining since World War II, like those of the decade be- 
fore, emphasize gasoline (23). Products other than fuels 
have also been improved; recent advances in the fields 
of lubricants and petrochemicals are reviewed elsewhere 
(5, 6). 
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The first job of a refinery is to separate petroleum 
physically into a series of streams. Some closely re- 
semble the final products, but others must next be 
converted by chemical change to reach the desired 


1 Presented at a joint Symposium on ‘Recent Advances in 
Petroleum Chemistry” before the Divisions of Chemical Educa- 
tion and Petroleum Chemistry at the 125th Meeting of the 
American Chemical Society, Kansas City, Mo., March, 1954. 
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properties. Lastly, individual or combined streams 
are finished to meet the needs of consumers. These 
three steps—separation, conversion, and finishing— 
present a convenient framework for discussing recent 
advances in petroleum refining. , 


SEPARATION 


Physical processes that separate petroleum usually 
involve two phases. One is always the liquid phase. 
In distillation, the other is vapor; in extraction, it is 
liquid; and in crystallization, it is solid. Many varia- 
tions of these processes are possible, and all have been 
improved and extended in recent years. One separa- 
tion process that does not involve two phases is thermal 
diffusion; it has not yet been introduced into refin- 
eries, although pilot plants are running in several lab- 
oratories. 

Yesterday’s research on composition of petroleum 
has led to today’s refinery separations. Today’s com- 
position studies forecast separations that will be used 
tomorrow (1/8). A fundamental picture of petroleum 
therefore helps to illustrate practical separation meth- 
ods. Figure 1 gives such a picture. At left the 
number of carbons is plotted; because there are fewer 
hydrocarbons of each successive carbon number in 
petroleum, the scale is logarithmic. Along the bottom 
is plotted hydrogen-to-carbon ratio. In the upper- 
right corner is methane with one carbon and four hy- 
drogens. Downward from the methane corner extend 
the alkanes toward a ratio of two. For all practical 
purposes, carbon can be considered to lie in the lower 
left corner. The condensed polycyclic aromatic hy- 
drocarbons, or condensed arenes, extend upward from 
near the carbon corner toward a ratio of one. 

Petroleum has an average composition that is much 
nearer the alkanes than the arenes. Distillation sep- 
arates it vertically by carbon number, and extraction 
separates it horizontally by H:C ratio. Crystal- 
lization and thermal diffusion separate it in a different 
way that involves the shape rather than size or com- 
position of the molecules. 


Distillation 


By far the oldest and most common separation proc- 
ess is distillation. Although laboratory fractionation 
columns have taken many forms in the past 25 years, 
refinery fractionating towers are only beginning to de- 
part from the bubble-tray design. One reason is 
that towers don’t wear out; if they outlive one use, 
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they are often put to another. The huge 100-tray 
towers built for the aviation gasoline and synthetic 
rubber plants of World War II represented the ultimate 
in bubble trays. Simpler trays and efficient packings 
are being introduced (14). Greater capacity and 
better separations result; the towers are smaller and 
cost less. 


REFINERY STREAMS 
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Separation by distillation in refineries has slowly but 
steadily become sharper. Better packings and more 
trays eliminate bothersome “heads” and “tails’’ and 
increase quality or yield of desired products. Vacuum- 
distillation units have become standard equipment in 
the 50 refineries that make lubricating oils: 


Extraction 


Extraction occurs when a petroleum fraction is 
mixed with a substance in which it is incompletely 
soluble. Most substances extract hydrocarbons with 
the lowest H:C ratio but some do so far more effi- 
ciently than others. When the ratio is far apart, as 
in alkanes and arenes, separation is easy. Arenes 
are extracted from naphthas because they are desired 
as chemicals, and from higher-boiling fractions be- 
cause they are undesirable in lubricants. Compounds 
that contain oxygen, sulfur, and nitrogen are more 
soluble than hydrocarbons and accompany the arenes 
into the extract. Some solvents extract arenes by 
purely physical action; others form loose chemical 
complexes with them. 

A physical solvent that has come into use recently 
is diethylene glycol. In the Udex process for removing 
arenes from naphthas, its solubility is regulated by the 
addition of controlled amounts of water (20). The 
search for new solvents for heavier fractions continues; 
exotic solvents have received attention but have not 
replaced sulfur dioxide and other conventional solvents. 

One solvent that acts through complex formation 
is liquid hydrogen fluoride (13). Unlike sulfuric acid, 
which it somewhat resembles in behavior, it can be 
recovered by distillation. It has not yet been used 


commercially because of the high cost of the corrosion- 
resistant materials needed. When a combination of 
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boron fluoride and hydrogen fluoride is used, the com- 
plexes formed with arenes and sulfur compounds are 
apparently salts of the nonexistent acid HBF, (12). 
Extraction is consequently more efficient than with the 
physical solvents. 

Adsorption, long used for decolorizing paraffin wax, 
somewhat resembles extraction. In the Arosorb proc- 
ess recently developed, arenes are separated from naph- 
thas by silica gel (9). Arenes adsorb on the gel more 
tightly than the alkanes; by flushing successively 
with butane and toluene, the alkanes are removed and 
the arenes are recovered. 


Crystallization 


Dewaxing of lubrication oils is the classical example 
of crystallization in petroleum refining. The products 
are paraffin wax, which consists of n-alkanes, and 
microcrystalline wax, which may contain a branch or 
a ring. Crystallization methods have recently been 
applied to other hydrocarbons: naphthalene, para- 
xylene, and cyclohexane are now separated from petro- 
leum streams by crystallization. 

An exciting discovery of the past decade was the 
urea-n-alkyls. The ability of urea to form insoluble 
crystalline complexes with straight-chain hydrocarbons 
has been thoroughly studied and may soon be used in 
refineries (24). Treatment of fuels with urea sepa- 
rates waxes that cannot be removed in any other way. 
A deterrent to use in refining has been the large amount 
of urea required. 

Through these separations, petroleum is prepared 
for conversion and finishing. Figure 2 shows, on the 
same scale and with the same alkane and arene lines 
as before, the major streams produced. Distillation 
has sorted out successively higher-boiling naphthas, 
kerosene, gas oil, lubricants, and residues. Extrac- 
tion has removed hydrocarbons with a low H:C ratio 
and nonhydrocarbons from the naphtha and lubricant 
fractions. Also from the latter, crystallization has 
separated wax. But there is more gas oil than is needed 
for heating homes and for diesel fuel and not enough 
naphtha for gasoline. And everything except the resi- 
dues will need further treatment before sale. 


PETROLEUM-CONVERSION PROCESSES 
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CONVERSION 


The earliest conversion process, cracking of gas oil 
to naphtha, is still by far the most important; the 
major reaction is breaking of carbon-carbon bonds. 
Conversions introduced recently, aimed at raising oc- 
tane number, often involve carbon-hydrogen bonds. 
A convenient way of classing conversions again makes 
use of a plot of carbon number and H:C ratio, and is 
shown in Figure 3. Cracking and polymerization 
change the size of hydrocarbons with little effect upon 
H:C ratio and are analogous to distillation. Hydro- 
genation and dehydrogenation change the ratio but 
not the size and are analogous to extraction. Isom- 
erization changes neither. A 10-carbon fraction 
might be converted in any of four directions, although 
it could not be hydrogenated far without falling in car- 
bon number. 


Conversions Affecting Carbon Number 


All changing of carbon number was formerly done 
with heat alone. As the demand for gasoline had in- 
creased, larger and larger thermal-cracking units had 

been built to replace hundreds of smal] ones. Many 
’ large units are still in operation but almost no new ones 
have been built in the past decade. Better yields of 
naphtha result from catalytic processes, but even 
these break more carbon-carbon bonds than necessary. 
This difficulty is overcome by other processes in which 
the major reaction is creating carbon-carbon bonds. 
Together, conversions in the two directions have in- 
creased several fold the yield of naphtha produced from 
petroleum. 

Catalytic Cracking. Conversion of gas oil to naphtha 
over silica-alumina catalysts is now widely practiced. 
Completely continuous moving-bed and _ fluidized 
catalytic-cracking processes have gained favor until 
the number of units now exceeds 100 and about 30 per 
cent of all petroleum passes through them. Because 
efficient fluid units for small refineries are available, 
the number will perhaps soon approach 200. Even- 
tually almost 50 per cent of petroleum will be proc- 
essed in them. 

Catalysts of satisfactory activity can be made in 
many ways. Some are made synthetically from alu- 
minum salts and silicates; others are simply acid- 
treated clays or even blast-furnace slag. A brisk mar- 
ket in used catalysts exists today; some refineries de- 
mand fresh and active catalyst and others prefer 
cheaper discard catalyst that is less active but more 
stable. A synthetic silica-magnesia catalyst has been 
tested commercially; the higher yield of naphtha ob- 
tained was offset by the lower octane number (4). 

The high octane number of the naphtha produced 
was a major factor in the acceptance of catalytic crack- 
ing. But another advantage must also be pointed out. 
The heat necessary for thermal cracking came from 
burning the gases produced—methane especially. 
The heat necessary for catalytic cracking comes from 
burning the coke that is formed on the catalyst. Re- 
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placement of the thermal by the catalytic process has 
shifted cracking from a hydrogen consumer to a carbon 
consumer. 

Although a thoroughly developed process, catalytic 
cracking still has problems. The capacity of refinery 
units is limited by the rate at which the coke can be 
burned (11). Because the amount of coke formed in- 
creases with the H:C ratio of the feed, extracts are 
seldom catalytically cracked. The vanadium and other 
metals that are present in petroleum poison silica- 
alumina and prohibit the catalytic cracking of residues. 

Coking. Extracts and residues are usually con- 
verted to naphtha by the destructive-distillation process 
called coking. To refiners the coking process is both a 
benefit and a headache. Even streams with H:C 
ratios below about 1.5 can be cracked to naphtha, but 
semisolid hydrocarbons remain behind. They accumu- 
late easily enough as coke in large drums, but getting 
it out is laborious. New coking processes that paral- 
lel moving-bed and fluid catalytic cracking simplify 
coke handling. In fluid coking, the oil streams de- 
compose in a fluidized bed of fine coke particles that 
grow until they reach about 0.1 mm. and are contin- 
uously withdrawn (27). In contact coking, a moving 
bed of coke particles that grow to 10 mm. in diameter 
is used (15). The rounded particles produced by both 
processes have H:C ratios as low as 0.3. 

Present conversions that decrease carbon number 
also affect H:C ratio. The reactions typical of cata- 
lytie cracking and coking fall diagonally in Figure 4. 
Some molecules crack to naphthas, but in doing this 
they rob hydrogen from others; these then undergo 
intermolecular dehydrogenation and increase in size as 
they become richer in carbon. Cycle oil or uncracked 
gas oil from catalytic cracking is too poor in hydrogen 
to be recycled, but too rich to be coked. Fortunately 
it makes a fair fuel. 

Increasing Size. Two conversion processes, polymer- 
ization and alkylation, increase carbon number with 
little change in H:C ratio. Both start with olefins 
and are catalyzed by acids. 

Polymerization, the earliest of the catalytic con- 
versions, uses phosphoric: acid in some form as cata- 
lyst. The polymer produced from gaseous olefins 
is nearly all gasoline. Even before World War II most 
refineries polymerized mixed propylene and butylene 
made in thermal cracking. During the war many re- 
fineries polymerized butylene only and several hy- 
drogenated the butylene dimer to hydrocodimer for 
aviation gasoline. Since the war, polymerization of 
mixed olefins is again customary; catalytic cracking 
is now the major source, and the mixtures are richer 
in propylene. Nearly 200 polymerization units are 
in operation; technical advances in recent years have 
been few. 

Alkylation of isobutane with olefins of three to five 
carbons uses sulfuric acid or hydrogen fluoride as the 
catalyst. The alkylate produced is nearly all gasoline 
of high octane number. About 30 alkylation units 
were built during the war to make isooctane for aviation 
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e gasoline from the large amounts of isobutane formed PROCESSES THAT DEGREASE CARBON NUMBER 
in catalytic cracking. Afterward some units were y y T Lam 
ic shut down for several years. The increasing octane el ieee J 
y number of motor gasoline is bringing these back on , - 
ye stream and several new ones are being built. Among iff 
1- the few recent advances are improvements in mixing , 
"e acid and hydrocarbons—not easy because the differ- j / 
ar ence in specific gravity is about threefold—and the 8 '°[ / 7 
successful use of 85 per cent sulfuric acid instead of the Ps 
Ss. conventional 95 per cent (10). 
Ethylene is not usually converted to gasoline. Al- 2 / 
though two alkylation processes for doing so have been sor 
a developed, little ethylene is available in concentrations 
C above 10 per cent and enriching it is expensive. With 0 ' 2 3 4 
it isobutane, thermal alkylation of ethylene gives neo- HYDROGEN: CARBON RATIO 
hexane, and catalytic alkylation gives diisopropyl! (2). Figwe 
ig The latter has an octane number well above 100 and 
* recent advertising claims that it is now used in gasoline. 
f : sought various balances among these many reactions. 
i Conversions Affecting H:0 Ratio Molybdena supported upon alumina was the first 
at Octane numbers of gasolines have steadily increased reforming catalyst used. Eight units produced most 
n- until premium gasolines now rate above 92. Heavy of the toluene needed in World War II. Dehydro- 
ig naphthas distilled from petroleum often rate no more genation of cyclohexanes predominated, and only at 
er than 40 and contain n-alkanes that rate far below zero. high temperatures and low pressures were high con- 
th Thermal reforming of heavy naphtha once sufficed to centrations of arenes obtained. Cracking consumed 


raise the octane number; by merely cracking out some 
of the n-alkanes, ratings as high as 70 could be reached. 
Half measures no longer suffice; hydrocarbons well 
above 100 octane number are needed in large quan- 
tities to satisfy present high-compression engines—let 
alone future ones with still higher compression ratios. 
Because most arenes in the gasoline boiling range have 
octane numbers abeve 100, they are the objective of 
today’s fastest-growing conversion process—catalytic 
reforming. In much the same way that catalytic 
cracking improved upon thermal cracking, catalytic 
reforming is swiftly replacing thermal reforming. 

Catalytic Reforming. Arenes are formed in catalytic 
reforming principally by three reactions. Easiest to 
carry out is the dehydrogenation of cyclohexanes; 
harder is the isomerization of cyclopentanes to cyclo- 
hexanes and dehydrogenation of these; most difficult 
is the cyclization of alkanes. Catalysts differ widely 
in ability to accomplish them. 

These reactions that liberate hydrogen are not the 
only ones that occur. Cracking, favored by higher 
temperatures, and saturation of olefiris are side reactions 
that consume hydrogen. When dehydrogenation pro- 
ceeds too far, coke deposits upon the catalyst. Higher 
hydrogen pressures decrease coke formation but only at 
the expense of dehydrogenation. The several cata- 
lytic-reforming processes that have been devised have 


Catalytic-reforming Processes 
Platinum catalyst 


much hydrogen, and so much coke formed that the 
catalyst had to be regenerated frequently. 

Less than 1 per cent platinum supported upon alu- 
mina is a better catalyst. It converts cyclopentanes 
as well as cyclohexanes to arenes. Use of high hydro- 
gen pressure almost prevents coke from forming at all. 
If the temperature is kept low, little cracking occurs 
and a good yield of hydrogen is obtained. With luck, 
a catalyst need not be regenerated for years. 

Under suitable conditions platinum catalysts can 
cyclize alkanes as well as dehydrogenate cycloalkanes. 
Low pressure, high temperature, and active catalyst 
must be used. Because these conditions lead to coke 
formation, the catalyst must be periodically regen- 
erated. Only by use of techniques that go beyond 
burning off the coke can the catalyst be kept sufficiently 
active. But gasolines of higher octane number can be 
obtained thus in greater yields thap in any other way 
(19). 

A serious engineering problem in catalytic reforming 
is how to supply the endothermic heat of dehydro- 
genation. Fixed-bed processes usually use two or 
more reactors with intervening furnaces to reheat the 
reactants. Use of a fluidized catalyst offers a way of 
obtaining isothermal reaction and a fluid-molybdena 
unit recently began operation (17); a fluid-platinum 
process seems inevitable, but as yet none has been 
announced. 

Ten catalytic-reforming processes have been de- 
scribed. About 100 units are either in use or under 


Refer- construction in the United States; when all are on- 

Process e, P.s.i. Regeneration , ence stream, they will reform more than half the available 

Platforming 875 600 None (22) heavy naphtha. Characteristics of three platinum- 
Catforming 900 500 Occasio 8) i j 

{3} catalyst processes are given in the table, where the 


arrangement is by increasing temperature, or decreasing 
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pressure. Although the range of conditions covered 
‘seems narrow, operations differ widely. Platforming 
represents high-pressure operation without a _regen- 
erator (22). Catforming provides equipment for 
occasional regeneration (8). Ultraforming follows the 
low-pressure regenerative route and substitutes an 
extra reactor for those undergoing regeneration (7). 
Catalytic reforming has disadvantages. Instead 
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of making more gasoline, as catalytic cracking does, 
it destroys some hydrocarbons that already boil in the 
gasoline range. Heat content is greatly reduced by re- 
moval of hydrogen. The gains in engine power and 
performance provided by the higher octane number 
barely offset these sacrifices. 

Hydrogenation. But the hydrogen made available 
by catalytic reforming is a decided asset. Some is 
already being converted to ammonia, but eventually 
most will be used in petroleum refining. Figure 5 shows 
why. Conversion of naphtha to arenes produces hy- 
drogen that can convert a heavier extract to a stream 
as rich in hydrogen as petroleum. Because of the 
different carbon numbers, one mole of naphtha gives 
enough hydrogen to improve three to four moles of 
the heavier extract. On the other hand, entirely too 
little hydrogen is produced to convert much carbon 
to naphtha. Hydrogen from catalytic reforming is 
most likely to be first used in upgrading petroleum 
streams that already contain almost as much hydrogen 
as needed. Hydrogenations that reduce carbon num- 
ber require so much more hydrogen that they will not 
appear in petroleum refineries as soon. 


Snes Affecting Neither Carbon Number nor H:C 


The last class of conversions are those that change 
structure only. These processes are the isomerizations 
of alkanes, alkenes, and arenes. 

The alkanes in petroleum are less branched than 
thermodynamic equilibrium requires. Isobutane was 
made from n-butane for use in alkylation during World 
War II but most of it now comes directly from natural 
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gas. Because octane number of alkanes depends upon 
branching, treatment of pentane and hexane with 
active catalysts, such as aluminum chloride, increases 
the octane number. Should higher..octane numbers 
require them, ways for isomerizing alkanes above 
seven carbons will probably be devised. 

Alkenes produced from gas oil by thermal cracking 
were mostly straight chains with a double bond near the 
end. Isomerization of the double bond and chain in- 
creased octane number, but not much. Alkenes 
formed in catalytic cracking are near thermodynamic 
equilibrium; isomerizing them holds no promise. 

The high octane numbers of all arenes leave little 
incentive to isomerize one to another for use in gas- 
oline. Demand for individual arenes as chemicals 
does provide an incentive. For example, the meta 
isomer predominates in the xylenes made from petro- 
leum, whereas the ortho and para isomers are most 
desired as chemical intermediates. 

Introduction of catalytic conversions into petroleum 
refining emphasizes separations and simplifies finishing. 
Thermal conversions were not critical of the compo- 
sitions of streams and the impuritiesin them. Cata- 
lytic conversions are affected by both; hydrogen-poor 
hydrocarbons form coke easily, and polar derivatives 
poison catalysts. At one time, such substances were 
removed, if necessary, as a final step and were dis- 
carded. The trend today is toward removing them 
before conversion and selling them if possible. Con- 
sequently, fewer impurities reach the finishing step. 


FINISHING 


Petroleum finishing has progressed far since “acid 
and caustic’? was the only method used. Processes 
for bringing products up to specification quality have 
become more numerous. Color and odor; freezing 
point, vapor pressure, and boiling range; chemical 
composition and combustion behavior—these are but 
a few of the properties that must be checked and con- 
trolled constantly. The tasks of measurement and 
recording are’ tedious and automatic devices are being 
used wherever possible. 

Two main problems must be overcome before prod- 
ucts leave the refinery: (1) small amounts of impuri- 
ties remaining must be removed, and (2) undesirable 
reactions that may occur in storage or service must 
be prevented. Treating methods remove the impuri- 
ties; additives prevent the undesired reactions. 


Treating 


Compounds of sulfur, nitrogen, and oxygen are the 
major impurities in petroleum; the amounts differ 
widely with the source. On the average, there is 
about one such atom for every 100 carbon atoms. 
Many 25-carbon molecules, half the 50-carbon mole- 
cules, and almost all the larger molecules are not 
hydrocarbons at all. Metals also are found, even in 
distillates. 

Sulfur is the most abundant impurity. During 
separation and conversion processes, hydrogen sulfide 
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from decomposition of sulfur compounds collects in 
the hydrocarbon gases. Several refineries are recov- 
ering sulfur from this source by controlled oxidation 
(1). . New sweetening processes for eliminating mer- 
captans or thiols are replacing the lead oxide reagent 
used in the old doctor process. Air is the oxidizing 
agent, and copper chloride is the usual catalyst (16). 
Less reactive sulfur compounds, in which the sulfur 
is buried in rings, require more drastic methods. The 
best known of these is hydrofining with rugged metal- 
sulfide catalysts (3). Two molecules of hydrogen are 
consumed, one for the sulfur and the other to saturate 
the vacated linkages. The hydrogen may be supplied 
either from outside sources or by simultaneous partial 
dehydrogenation of the stream. 

Nitrogen and metals are often associated as por- 
phyrin complexes. In most crude petroleum the 
amounts of both are small but important. Ammonia 
and amines poison the acid catalysts used in poly- 
merization and the metals poison cracking catalysts. 
They may remain undetected, and the consequences 
are easily attributed to blameless factors. Methods 
of removing them from crude oil, although needed, 
have not yet been widely adopted. 

Oxygen compounds have been given little attention. 
However, phenols are often recovered from cracked 
naphthas by scrubbing with caustic. 

In service, some nonhydrocarbons are desirable in 
petroleum products and not all hydrocarbons are 
desirable. Nitrogen and oxygen compounds inhibit 
oxidation of stored fuels, but the effect is small and 
better protection is afforded by adding synthetic in- 
hibitors. Highly unsaturated hydrocarbons that may 
oxidize to acids or polymerize to gums are now fre- 
quently removed with spent conversion catalysts: 
sulfuric acid from alkylation instead of fresh acid, and 
silica-alumina from catalytic cracking instead of clay. 

Particularly undesirable in petroleum products’ are 
polycyclic arenes that cause tumors in laboratory 
animals. Although rare in crude petroleum, small 
amounts of carcinogens occur in the high-boiling hy- 
drogen-poor products from some catalytic conversions. 
They contain 20 or more carbons, boil between the 
fuels and lubricants, and are removed in the refining 
of both. Streams from catalytic cracking that might 
contain them are recycled through the units where they 
are adsorbed upon the catalyst and are burned during 
regeneration. Other streams suspected of containing 
them are coked or burned in the refinery as fuel. 


Additives 


Inhibitors, soaps, polymers, and other additives 
have improved stability, detergency, viscosity, and 
other properties of lubricants for years. The practice 
now extends to other products. Use of rust preven- 
tives in diesel fuels is an example. Some additives 


contro] deterioration before use and others affect 
behavior during use. 

Oxidation is the most important reaction against 
which products need protection. 


Only recently has 


the speed with which most hydrocarbons oxidize in 
air become appreciated. The knowledge has yet to 
be applied, but. it has emphasized the value of present 
inhibitors. 

Control of the combustion of fuels by traces of semi- 
combustible substances is a busy field of research. 
Tetraethyllead has been used for years and tricresyl 
phosphate has recently been promoted. All such 
additives are mixed blessings. Research aimed at 
determining the circumstances in which advantages 
outweigh disadvantages is fantastically complicated. 
Refiners are rightly reluctant to adopt new ones until 
thorough studies in each of their own fuels are made. 


CONCLUSION 


In retrospect, petroleum refining has changed mark- 
edly since World War II. Replacement of thermal 
by catalytic conversions, barely started then, is perhaps 
two-thirds complete. Diesel fuels instead of coal run 
the railroads. Manufacture of chemicals has become 
integrated with refining. New knowledge of separa- 
tions and conversions is ready for application where 
needed. Looking ahead, one asks how the next decade 
can possibly advance as far—until one remembers 
that that was the very question asked a decade ago. 
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* A GENERAL EQUATION FOR APPROXIMATE HYDRONIUM ION 


CALCULATIONS 


Tue calculation of hydrogen ion concentration in a 
solution containing a weak electrolyte is a difficult one 
for the average student first facing this problem. The 
main source of trouble is the variety of equations he is 
given to use for different cases involving weak acids or 
bases, alone or with their salts. Part of the difficulty 
can be avoided by the Brénsted approach; thus see the 
equation of DeFord:! 

Ca — [H,O*] + [OH-} 

Here C, and C, represent the stoichiometric concentra- 
tions of any monoprotic Brénsted acid and its con- 
jugate base, K, the protolysis constant of the acid, 
and [H,;0+] and [OH~—] the equilibrium concentrations 
of these ions. Equation (1) is very satisfactory when 
some terms may be neglected and when the student 
knows which terms these are. However, in many 
problems the student does not feel justified in neglecting 
any terms. He is then faced with the often painful 
trial-and-error solution of equation (1) or with the use 
of an approximation of uncertain validity. 

The use of an approximate equation is really justi- 
fiable only if the student can be induced to treat his 
answer as a first approximation and to put it back into 
an exact equation (like equation 1) to get a second ap- 
proximation. Whether or not this aim can be achieved, 
the use of one general approximate equation rather 
than of several of more limited range seems desirable. 
The following empirical equation is helpful: 
Co — eV + 
Cy — C.K, + 
1 DeForp, D., J. Cuma. Epuc., 27, 554 (1950). 


[H,0*] = Ke 


(2) 
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This equation will not always give reasonable results, 
but it will do so under most conditions of practical 
interest. To test its applicability in a given case, find 
the larger of C,K, and C,K,; let us denote this by CK. 
Then (a), CK must exceed K,,, the ionization constant 
for water, or the pH will be controlled by the water (and 
will be near 7 at 25°C.); and (6), C must exceed K. 
Thus if C,K, is larger than C,K>, reasonable results will 
be obtained from equation (2) when C,K, exceeds K, 
and when C, exceeds K,; in this case there are no re- 
strictions on the relative values of C, and K,. 

Equation (2) has been found to give better results 
than the various simple approximations often used for 
the calculation of the H;O0+ concentration in solutions 
of a weak acid, a weak acid and its salt, a weak base, or a 
weak base and its salt. It is simple enough so that the 
average student much prefers using it to learning 
several equations for these “different types of solu- 
tion’; and the use of one equation for all four types 
helps him to realize that these problems are not wholly 
unconnected but are merely one problem in various 


Equation (2) can also be recommended for those 
planning to use the DeFord equation. Since in any 
problem involving successive approximations a good 
first approximation will greatly reduce the subsequent 
labor involved, the following procedure is recommended: 
use equation (2) to find the first approximation and 
thereafter use equation (1) until the H;0+ concentration 
has been found to the desired accuracy. As noted 
above, since equation (2) is only approximate, every 
effort should be made to persuade the student to do 
this in all cases. 
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° RICHARD CHENEVIX (1774-1839) AND THE 
DISCOVERY OF PALLADIUM’ 


Ricuarp Cuenevix was born in Ballycommon, King’s 
County (now Leix), Ireland, not far from Dublin, in 
1774. He was of Huguenot extraction, and his family 
were French refugees from the Edict of Nantes. He 
attended the University of Glasgow in Scotland, and 
later spent much of his life in France.” 

Evidence of his early years in France is provided in 
Chenevix’s own book, ‘‘Remarks Upon Chemical No- 
menclature According to the Principles of the French 
Neologists,” published in London in 1802. On page 148 
he says, ‘‘When I was in Paris, where there is so much op- 
portunity for acquiring true scientific chemical instruc- 
tion, I had opportunities of making observations in three 
schools, where chemistry was taught.” 

He then proceeds to comment on the lectures given 
by professors in the three schools. The same book gives 
further evidence of his French education by indicating 
his good knowledge of the French language. He says, 
for instance, on page 188: 


The E mute is one of the characteristic features in the peculiar 
pronunciation of the French; and which, in the mouth of a 
native, contributes much to the variety and perspicuity of the 
language. It is even one of the fundamental sources of har- 
mony in French versification. 


Thomas Thomson’ related that Chenevix happened 
to be in Paris during the Reign of Terror, and was 
thrown into prison and put into the same cell with 
several French chemists whose main topic of conversa- 
tion was chemical in nature. “He caught the infection,” 
as Thomson put it, and after his release from prison 
began to study the subject with much energy and suc- 
cess, and before long became noted especially as an 
analytical chemist. 


ANALYTICAL WORK 


His first paper in English,‘ published in 1801, was an 
analysis of a new variety of lead ore, the muria-carbon- 
ate. Shortly afterward he was responsible for a series 
of analyses of the arsenates of copper.’ Though his 


1 Presented before the Division of the History of Chemistry at 
the 126th Meeting of the American Chemical Society, New York, 
September, 1954. 

2 Kopp, Geschichte der Chemie, 4, 227-8; Retty, D., “Three 
Centuries of Irish Chemists,” Cork, Ireland, 1941, p. 12; WEEks, 
M. E., ‘Discovery of the Elements,’’ 5th ed., Journal of Chemical 
Education, Easton, Pa., 1945, pp. 217-18. 

Tuomson, Tuomas, ‘History of Chemistry,’ London, 1831, 
Vol. 2, pp. 215-17. 

4 Nicholson’s J., 4, 219-23 (1801). . 

5 Phil. Trans., 1801, 169-92, 193-240; Ann. Chim., 45, 44-61 
(1802). 
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techniques for separating and estimating the quantity 
of acidic radicals present are crude by modern stand- 
ards, he demonstrated that several different species of 
copper arsenates existed. 

Crystalline alumina occurs in nature as the mineral 
corundum. There are three main varieties, distin- 
guished by structure and degree of purity. First are 
the transparent or translucent gem-stones named 
according to their colors, the ruby (red or reddish, be- 
cause of the presence of chromic oxide) and the sap- 
phire (blue, yellow, or green), Second is common 
corundum, which is transparent and of variable tint, 
and third is emery, a kind of granular corundum mixed 
with magnetite or hematite. In 1777 T. Bergman 
analyzed sapphire and reported specific percentages of 
alumina, silica, calcium oxide, and iron oxide. In 1802 
Chenevix reported on detailed analyses of sapphire, 
ruby, and corundum, and stated that 5 to 7 per cent 
silica was also present.* His figures are not significantly 
out of line with modern work, though some of his high 
silica content was apparently derived from the agate 
mortar used in the grinding of his samples. 


PALLADIUM ANNOUNCEMENT 


In 1803 there was circulated through the English- 
speaking scientific world a notice of a very strange type. 
This anonymous handbill told of the isolation of a new 
chemical element, and was phrased in these terms: 


Palladium, or new silver, has these properties among others 
that show it to be a noble metal. 


(1) It dissolves in pure sprit of nitre, and makes a dark red 
solution. 

(2) Green vitriol throws it down in the state of a regulus from 
this solution, as it always does gold from aqua regia. 

(3) If you evaporate the solution you get a red calx that dis- 
solves in spirits of salt or other acids. 

(4) It is thrown down by quicksilver, and by all metals but 
gold, platinum, and silver. 

(5) Its specific gravity by hammering is only 11.3; but by 
flatting, as much as 11.8. 

(6) Inacommon fire, the face of it tarnishes a little, and burns 
blue, but becomes bright again, like the other noble metals, on 
being stronger heated. 

(7) The greatest heat of a blacksmith’s fire would hardly 
melt it. 

(8) But if you touch it, while hot, with a small bit of sulfur it 
runs as easily as zinc. 

It is sold by Mrs. Forster, at No. 26, Gerrard Street, Soho, 
London; in samples of five shillings, half a guinea, and one guinea 
each.’ 


6 Phil. Trans., 1802, 327-47; J. de phys., 55, 409-26 (1802). 
7 Phil. Trans. 1803, 290-320. 
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Some additional information on the new material 
was given in an editorial comment in Nicholson’s Jour- 
nal:* ‘Mrs. Foster [Forster?] it appears,’”’ wrote the 
editor, “is only the vendor, and totally unacquainted 
with the person who brought the metallic substance 
and the printed paper to her house—I received a small 
piece by the post. The price of the specimen was at the 
rate of above one shilling per grain.”’ 

Richard Chenevix by this date had some 16 scientific 
publications to his credit in both British and French 
journals, and was well known as a leading analytical 
chemist. In addition, his first book (mentioned 
earlier), “Remarks upon Chemical Nomenclature 
According to the Principles of the French Neologists,”’ 
had won him notice as a pioneer writer on chemical 
nomenclature. He had just been elected a Fellow of the 
Royal Society and of the Royal Irish Academy. 

Chenevix felt sure that some fraud was involved in the 
palladium announcement in view of the curious way in 
which its discovery was announced. He went to Mrs. 
Forster’s and purchased her complete stock of the new 
material, 332 grains, for 15 guineas. He set out to 
examine it, prepossessed with the idea that it was an 
alloy of some two known metals. 

He checked the properties claimed for the material 
and found them to be as stated. He wrote to Vauquelin, 
professor of chemistry in Paris, told him of his plans for 
further work on the material,® and enclosed some small 
samples of the chemical. Vauquelin checked the 
properties also, and cautiously stated that he believed 
palladium in fact might be a new element. He would, 
however, withhold his opinion till Chenevix had carried 
out more extensive tests on the material. 


CHENEVIX DRAWS CONCLUSIONS 


After a laborious series of experiments, Chenevix con- 
cluded that palladium was in fact a compound of either 
platinum or mercury or an amalgam of platinum made 
in a peculiar way. He communicated his results to the 
Royal Society, where they were read as a paper by Dr. 
William Hyde Wollaston (1766-1828), who was secre- 
tary at the time. 

In Chenevix’s paper he spoke of the original pal- 
ladium announcement as “an imposition...not, as 
was shamefully announced, a new simple metal,’”’ and 
nothing more than ‘“a- contemptible fraud.’”’ He 
claimed in fact that by altering the proportions of mer- 
cury and platinum in alloys he prepared, he had 
synthesized the alleged palladium. 

Chenevix’s report caused a scientific sensation and 
was widely reprinted.’° His conclusions were at first 
readily accepted, and the synthesis of palladium became 
a popular pursuit in continental laboratories. However, 
all was not clear sailing for long, as a note of doubt 
crept into some chemists’ minds, especially in view of 
the fact that Vauquelin was unable to find any positive 

Anon., Nicholson’s J., 5, 136 (1803)... 

® CHENEvIX, R., Ann. chim. et phys., 46, (1) 333 (1803). 

10 Ann., 47, 151-202 (1803); J. des Mines, 14, 372-408 (1803); 
J. de Phys., 57, 127-39, 217-28 (1803). 
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results in testing for either platinum or mercury on the 
small pieces of palladium at his disposal. 

Soon afterwards Klaproth wrote, refusing to agree 
with Chenevix’s synthesis. Vauquelin and Fourcroy, 
unable to find mercury in palladium, suggested that 
perhaps it might be an alloy of platinum and some new 
element. Joseph Hume wondered if tungsten might 
not be involved." 

When the discussion was in progress, a new anony- 
mous notice appeared in London.'* This offered a 
reward of twenty pounds to anyone who could make 
twenty grains of palladium by Chenevix’s process, or 
by any other process whatsoever. 

No one came forward to claim the reward, and soon 
afterward Dr. Wollaston read a paper to the Royal 
Society describing his isolation of a new metal, rhodium, 
from crude platinum ores.'* He also mentioned that 
he had been able to separate a small amount of palla- 
dium from the same ore. 

Wollaston stated that the presence of traces of pal- 
ladium in crude platinum ores might have led Chenevix 
astray in his much publicized amalgam experiments. 
As far as he, Wollaston, was concerned, he had found it 
impossible to prepare palladium by the Chenevix 
method. 

In his rebuttal! Chenevix still insisted that palla- 
dium was an alloy, though he did admit that it had 
required about 1000 experimental trials in order to 
secure four actual syntheses by his method. Actually, 
it has been stated elsewhere that Chenevix spent about 
14 hours a day in the laboratory while following through 
this work. 


The next step.in the drama was a signed letter by * 


Wollaston in Nicholson’s Journal'* admitting that he 
had been the author of the original anonymous notice 
of the discovery of palladium and also of the later 
notice offering a reward for the synthesis of palladium. 
The details of the work, as outlined by Wollaston, made 
it quite clear that palladium was in fact a new element. 

Chenevix’s error was due in great part to his pre- 
conceived idea that the discovery of palladium was a 
hoax. It may also have been a result, as Wollaston 
suggested, of the fact that Chenevix actually isolated 
some palladium from crude platinum without realizing 
its presence there, and was thus misled into the belief 
that he had produced it artificially. 

It seems to a modern observer that Wollaston was at 
least doing something questionable in allowing Chenevix 
to present his original “amalgam” paper at the Royal 
Society while he himself was secretary of that body. 
Thomson says that Wollaston made every effort to dis- 
suade Chenevix from presenting his paper, short, how- 
ever, of telling him the full facts of his own discovery. 

Why did Wollaston find it so necessary to hide the 


11 Wuitr, A. M., H. B. FrrepMan, J. Cuem. Epuc., 9, 
236-45 (1932). . 
12 ANoN., Nicholson’s J., 6, 117 (1804). 
18 WoLLasTon, W. H., Phil. Trans., 94, 419 (1804). 
144 CHENEvEX, R., Phil. Trans., 95, 104 (1805). 
1% THomson, THomas, Phil. Soc. Glasgow, 3, 139 (1850). 
16 WotiasTon, W. H., Nicholson’s J., 10, 204 (1805). 
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facts? Wollaston was not a rich man, and had con- 
ceived the idea of preparing pure fabricated platinum 
so that it could be used for laboratory ware. He made 
a moderately large investment in crude platinum, and 
finally succeeded in making malleable platinum. He 
kept the process a secret and exploited it for his 
financial advantage. In his work he discovered two 
new elements, palladium and rhodium. Were he to 
announce the discovery of these elements routinely, his 
secret might be lost, as others would then find means of 
purifying crude platinum. He chose the anonymous 
method of announcing the existence of palladium to 
gain priority without losing his advantage in the plat- 
inum purification field. 

Wollaston, his reputation enhanced by his two dis- 
coveries, went on to win further prominence in chem- 
istry. Richard Chenevix, his reputation badly damaged, 
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left England and lived in France for the remainder of 
his life. He published fewer papers in those later years, 
although his papers on “Observations on the mineral- 
ogical systems,’’ in which he attacked Werner and 
upheld Haiiy, were significant.'7 In addition, in 1809 
he won some distinction in the history of organic chem- 
istry by preparing acetone by distillation of acetate.'* 
In later years he turned to literary work, ard pub- 
lished a comedy, ‘‘Mantuan Revels,” a historical trag- 
edy, “Henry VII,” and “Leonora and other Poems,”’ as 
well as “An Essay Upon Natural Character,’ which 
appeared after his death in Paris on April 5, 1830." 


17 Ann. chim. (Paris), 65, 5-43, 113-160, 225-277 (1808). 

18 Ann. chim. (Paris), 69, 5-58 (1809); GiLBeRt, Ann., 32, 
156-201 (1809). 

19 Roy. Soc. Catalogue of Sci. Papers, 1800-63, 1867, I, 895-6, 
lists 26 papers by Richard Chenevix. 


° PREPARATION OF ANHYDROUS PYRIDINE HYDROCHLORIDE 


REcENTLY the use of pure anhydrous pyridine hydro- 
chloride was required in this laboratory. The usual 
procedure for preparing such compounds, ¢. neu- 
tralizing an aqueous solution of pyridine with hydro- 
chloric acid and evaporating the water, is time-con- 
suming and fails to yield an anhydrous product. Py- 
ridine hydrochloride is very hygroscopic. The pro- 
cedure described below is much more convenient and 
gives a high yield of essentially pure material. It 
should prove suitable as an exercise in inorganic prepa- 
rations for advanced students. 

A 20-40 per cent solution of pure pyridine in an- 
hydrous ether is treated with gaseous hydrogen chloride 
until precipitation is complete. 


CsH;sN + HCl C;HsN -HCl 


Pyridine hydrochloride is quantitatively insoluble 
in ether. The excess ether is distilled away on a steam 
bath and finally quantitatively removed by pumping 
the salt in vacuo in a vacuum desiccator. The crystals, 
when first prepared, have the appearance of pure dry 
sodium chloride. They absorb moisture readily and 
become sticky, however, if not rigorously protected 
from the atmosphere. = 

In a typical preparation 69.0 g. of anhydrous pyr- 
idine was dissolved in 200 ml. of anhydrous ether in 
an 800-ml. beaker. Seventy-five ml. of concentrated 


hydrochloric acid and 50 g. of NaCl were plaeed in a 
dry 500-ml. wide-mouth Erlenmeyer flask. The Erlen- 
meyer flask was closed with a rubber stopper through 


MODDIE D. TAYLOR and LOUIS R. GRANT 
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which was inserted the stem of a 100-ml. dropping 
funnel, a piece of glass tubing bent in a right angle to 
serve as a delivery tube, and a straight piece of glass 
tubing. Twenty-four ml. of concentrated sulfuric was 
poured into the dropping funnel, which was closed by 
a one-hole rubber stopper carrying a glass tube. Rub- 
ber tubing connected the top of the dropping funnel 
and the top of the Erlenmeyer flask and served 
as a pressure equalizer. The outlet tube from the 
Erlenmeyer flask was connected with rubber tubing to 
a four-inch funnel which dipped into the ether solution 
of pyridine. 

The sulfuric acid was run slowly into the hydro- 
chloric acid solution so that the HCl would not be 
generated faster than it could be absorbed. The 
ether solution of pyridine was cooled to prevent the 
large heat of reaction from boiling the mixture. There 
resulted 98.5 g. of 99.8 per cent pure (m.p. = 143.4) 
pyridine hydrocholoride, which amounted to a 98.5 
per cent yield. Heilbron! lists the melting points as 
82°C. The material was analyzed for chloride by 
precipitating silver chloride and for pyridine by the 
technique suggested in Chemical Abstracts.? 

Pyridine hydrochloride is soluble in pyridine and 
its solubility increases rapidly with temperature. A 
saturated solution contains 0.113 g./ml. at 30° and 
0.1758 g./ml. at 50°C. 

1 I. M., “Dictionary of Organic Compounds,” 
Oxford University Press, New York, 1938, Vol. III. 

2 Chem, Abstracts, 19, 2181 (1924). 
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Beainnine organic chemistry students can receive 
valuable synthetic experience by completing a sequence 
of preparations in which a compound that has been 
prepared is used as starting material for the next op- 
eration. Experience indicates that students do well 
and are interested in such procedures if the chosen 
compounds are of practical importance and if the pro- 
cedures can be accomplished without undue difficulties. 
The following sequence of reactions has been suc- 


KMn0, HNO, 
SO, 
OOH 


COOH 
so 
COOH HC 
NH; 
<0 OOH 
Cl 
CH,OH 
tH 


cessfully performed by beginning students. The series 
illustrates a number of procedures common to aromatic 
chemistry: oxidation, esterification, nitration, reduc- 
tion, and cyclization. The starting material was 
p-xylene (95 per cent, from Oronite Chemical Company) 
which was oxidized to terephthalic acid. This oxida- 
tion is practically quantitative and is not much more 
difficult to accomplish than the usual preparation of 
benzoic acid. It was found that the oxidation proceeds 
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slowly over a water bath, but by using an oil bath at 
120° to 130°C. the oxidation can be completed in five 
to six hours. 

Part of the terephthalic acid was treated with PC\,. 
The chlorination product in turn was slowly added to 
methanol, which was then diluted with water, yielding 
crystals of dimethylterephthalate. This compound 
is today of tremendous commercial importance in the 
manufacture of synthetic fibers. 

The remaining terephthalic was nitrated with con- 
centrated HNO; and fuming H,SO,. If the usual prep- 
aration of nitrobenzene has already been done by the 
students, this procedure is of value in noting the differ- 
ences in nitration conditions owing to the deactivating 
effects of the two carboxyl groups. This step results 
in the lowest yield but most students reported 60 per 
cent or better. 

The nitroterephthalic acid is easily reduced to amino- 
terephthalic acid by refluxing with HCl and stannous 
chloride. The aminoterephthalic acid is a convenient 
starting material for the preparation (via cyclization) 
of 4-quinazolone-7-carboxylic acid which offers the 
possibility of other interesting syntheses. 


PROCEDURES 


(1) Oxidation of p-Xylene. In a two-liter flask 
equipped with a stirrer and reflux condenser were placed 
15 g. of p-xylene, 10 g. NaOH, 90 g. KMn0O,, and one 
l. of water. This mixture was refluxed at 120°C. 
until the color of KMnQ, was no longer visible. The 
oxidation mixture was filtered to remove the MnO, 
washed, and the filtrate acidified with dilute H,SO,. 
The crude terephthalic acid was filtered, washed, 
dried, and used for the next preparation; yield, 20 g. 
(85 per cent). 

(2) Nitration of Terephthalic Acid. Ten g. of 
crude terephthalic acid, 50 ml. of fuming H2SO,, and 
50 ml. of conc. HNO; were placed in a 250-ml. beaker. 
The mixture was heated until all of the acid went into 
solution and then allowed to cool. The cooled mixture 
was poured over cracked ice. The precipitate of nitro- 
terephthalic was collected on a filter, washed with 
water, and dried. A sample recrystallized from water 
melts at 269-70°C. Yield, 9.3 g. (73 per cent). 

(3) Esterification of Terephthalic Acid. One g. of 
terephthalic acid was carefully heated in a test tube 
with one g. of PC]; until the mixture was melted. The 
mixture was carefully poured into 15 ml. of methanol. 
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The methanol was diluted with water until the precipi- 
tate of dimethylterephthalate appeared. The ester 
was filtered, washed with water, and dried. Recrystal- 
lization from methanol produced beautiful white 
needle-like crystals melting at 140°C. 

(4) Reduction of Nitroterephthalic Acid. To a hot 
solution of 30 g. of SnCk, in 100 ml. of conc. HCl was 
added 8 g. of nitroterephthalic, and the mixture was 
refluxed over a water bath for one hour. Upon cooling 
the aminoterephthalic was precipitated. The acid 
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was filtered, washed with cold water, and dried. The 
aminoterephthalic acid is a lemon-yellow solid which 
melts with decomposition above 300°C. Yield, 5.9 g. 
(89 per cent). 

(5) Preparation of 4-Quinazolone-7-Carboxylic Acid. 
When 5 g. of aminoterephthalic acid is heated with a 
slight excess of formamide, a gelatinous mass is ob- 
tained from which the quinazolone carboxylic acid is 
obtained by recrystallization from water. It melts 
with decomposition above 300°C. 


e UNIVERSITY INORGANIC CHEMISTS 


THE names and major research interests of the chem- 
istry faculties of 90 institutions which offer doctoral de- 
grees in chemistry are included in a recent, very useful 
publication! by the A. C. 8. Committee on Professional 
Training. It is stated that the 90 are a majority of 
all such institutions. The following facts about re- 
search inorganic chemists have been obtained from the 
data of thisreport. — 

Chemistry staff members listing their sole speciali- 
zation as inorganic chemistry number 1438. Those 
listing inorganic chemistry together with some other 
specialization, usually physical chemistry, number 45, 
making a total of 188 who, by their own judgment, 
might be classified at least partly as inorganic chemists. 
These are the individuals about whom the following 
summary has been prepared. 

These chemists have received their Ph.D. degrees 
at a total of 46 institutions, but more than half of the 
degrees were from only seven. The University of 
Illinois leads with 27, followed by the University of 
Chicago, 16, University of California, 16, Cornell Uni- 
versity, 11, University of Wisconsin, 10, Massachusetts 
Institute of Technology, 10, and Ohio State University, 
eight. In other words, one in seven of today’s uni- 
versity research inorganic chemists received his doc- 
toral training at Illinois; one in 23 at Ohio State. 
One in five is now teaching in the same institution at 


1 “Faculties, Publications, and Doctoral Theses in Chemistry 
and Chemical Engineering at United States Universities,” pre- 
pared by the Committee on Professional Training, American 
Chemical Society, 1953. 


‘ 


R. T. SANDERSON 
State University of Iowa, Iowa City, Iowa 


which he earned the degree of doctor of philosophy. 

More than half (96) of the university inorganic chem- 
ists are more than 40 years of age; one-third (62) are 
35 or less. 

Of the 188 inorganic chemists, 40 appear to have 
published no research results during the last five years. 
This leaves 148 to be considered active in research. 

Specific research interests, naturally, vary widely. 
However, certain general topics appear to be especially 
popular, as indicated by the number of men listing 
them. Coordination complexes are of research in- 
terest to 34 per cent of those active in research, non- 
aqueous solvents to 20 per cent, hydrides to 15 per cent, 
rare earths to nine per cent, ion exchange to six per 
cent, “less familiar elements” to six per cent, and mo- 
lecular addition compounds to five per cent. 

Within the first nine months of 1953 (the only period 
definitely determined by the available data), research 
papers by 73 inorganic chemists at universities appeared. 
Only five of these chemists had more than four pub- 
lications within this period, and most (53) had but one 
or two. 

Of the 90 institutions, only 74 offer advanced de- 
grees in inorganic chemistry. Some of the univer- 
sities which do have inorganic chemists do not pro- 
vide such training. On the other hand, it is noteworthy 
that eight of the 74 actually list not a single staff mem- 
ber having inorganic chemistry as a major interest. 

Opinions will vary as to what extent the above facts 
are good, bad, or indifferent, but they seem worth 
thought. 
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* THE ORIENTATION AND MECHANISM OF 
ELECTROPHILIC AROMATIC SUBSTITUTION’ 


For over fourscore years now, chemists have been 
fascinated by the fact that substitution reactions with 
monosubstituted benzenes yield varying amounts of 
ortho, meta, and para isomeric disubstitution prod- 
ucts, depending primarily upon the nature of the 
group already attached to the benzene nucleus. It 
was early recognized that groups could be classified as 
chiefly ortho- and para-directing or meta-orienting, 
and much effort was spent in arranging substituents in 
order of their orienting effects. This is a topic which 
every student of organic chemistry takes up briefly, 
learning at least one of the many empirical rules? by 
which one may predict the orienting influences of the 
various types of substituents. 

What has increased the attractiveness of this topic is 
the recognition that most of the chemical and physical 
properties of aromatic molecules also are dependent 
upon the nature of the nuclear substituents. In this 
connection, there have been observed good correlations 
between orientation of aromatic substitution and such 
properties as dipole moments,’ wave length‘ and in- 
tensity® of ultraviolet light absorption, infrared ab- 
sorption frequencies,* nuclear magnetic shielding,’ 
dissociation constants of phenylacetic acids, benzoic 
acids, phenols, anilines, phenylboric acids, ete.,’ 
oxidation potentials of quinones,’ and many chemical 
reactivities as expressed through the Hammett equa- 
tion." This suggests that essentially the same basic 
factors are responsible for each of these properties; 
consequently, the broad problem has been to identify 
these factors and to study their operation. 


1 Based on talks given, spring, 1954, before the Lund Chemical 
Society, University of Lund, Lund, Sweden, and the Danish 
Chemical Society, University of Copenhagen, Copenhagen, Den- 
mark, 

2 Fercuson, L. N., Chem. Revs., 50, 47 (1952). 

3 Ru, T., anD H. Eyrina, J. Chem. Phys., 8, 433 (1940); L. E. 
Sutton, Trans. Faraday Soc., 30, 789 (1934). 

4 Dous, L., anp J. M. VANDENBELT, J. Am. Chem. Soc., 69, 
2714 (1947). 

5 Piatt, J. R., J. Chem. Phys., 19, 263 (1951). 

6 Sotoway, A. H., anv S. L. Frress, J. Am. Chem. Soc., 73, 
5000 (1951). 

7 Meyer, L. H., anv H. 8. Gurowsky, J. Phys. Chem., 57, 481 
(1953). 

8 Brancu, G. E. K., anp M. Catvin, “The Theory of Organic 
Chemistry,” Prentice-Hall, Inc., New York, 1941, p. 240 ff.; 
R. L. HeppoLette anv J. J. Am. Chem. Soc., 75, 4265 
(1953). 

® Fresrer, L. F., anp M. Freser, ibid., 57, 491 (1935); 51, 
3101 (1929). 

10 Hammett, L. P., “Physical Organic Chemistry,” McGraw- 
Hill Book Co., Inc., New York, 1940, p. 186. 


LLOYD N. FERGUSON 
Howard University, Washington, D. C. 


Many reviews have appeared on aromatic substitu- 
tion® ™. 1%, 18 but the subject is one of such continued 
popularity that it seems worth while to present to the 
student some of the most recent concepts and experi- 
mental results in this area. 

Although substitution may take place by either elec- 
trophilic (electron-seeking) or nucleophilic reagents, or 
by free radicals (homolytic) attacking the aromatic 
molecule, the type first mentioned is by far the most 
common and extensively studied, so that this article 
will be limited to electrophilic substitution. Further- 
more, the discussion will be directed to the two funda- 
mental questions of interest to a chemist: (1) what is 
the mechanism of reaction and (2) why do groups show 
preferential orientation in substitution? 

Nitration with the usual nitric-sulfuric acid mixture 
has been shown quite conclusively to proceed by the 
following mechanism :"! 


2H.SO, + HONO, 


2HSO,- + H,O+ + +NO: (1) 


slow 
ArH + +NO, ——— +ArHNO, (2) 
+ArHNO, ———> ArNO, + Ht (3) 


where ArH is an aromatic compound and tArHNOQ, is a 
pentadienate cation‘ whose structure is a resonance 
hybrid of forms such as 


Q 
NO, NOz O2 


Several types of experimental data provide evidence 
that the nitronium ion is the nitrogen species that at- 
tacks the aromatic molecule.“ For instance, sulfuric 


11TInNcotp, C. K., “Structure and Mechanism in Organic 
Chemistry,”’ Cornell University Press, Ithaca, N. Y., 1953, Chap. 
VI 


12 Price, C. C., Chem. Revs., 29, 37 (1941). 

13 For earlier reviews, see references cited in Ref. 2. For re- 
views on nucleophilic substitution, see J. Mituer, Revs. Pure 
and Appl. Chem. (Australia), 1, 171 (1951); J. F. Bunnerr anp 
R. E. ZaAnuer, Chem. Revs., 49, 273 (1951). For a recent treat- 
ment of homolytic substitution, see D. H. Hey anp G. H. Wu- 
t1aMs, Discussions Faraday Soc., 14, 216 (1952). 

14This name for the intermediate complex of electrophilic 
substitution is taken from M. J. 8. Dewar, “The Electronic 
Theory of Organic Chemistry,”’ Clarendon Press, Oxford, 1949, p. 
164. 


6 Frost, A. A., anp R. G. Pearson, “Kinetics and Mecha- 
nism,” John Wiley & Sons, Inc., New York, 1953, p. 297 ff. 
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acid solutions of nitric acid give a van’t Hoff 7 factor 
of four, supporting equation (1), and in addition, the 
partial pressure of nitric acid in excess sulfuric acid 
diminishes to zero, showing that nonvolatile products 
are formed. Moreover, sulfuric acid solutions of nitric 
acid have a very high conductivity with nitric acid 
migrating to the cathode. Finally, Raman spectra 
establish the presence of nitronium ions as the chief 
nitrogen moiety in sulfuric acid solutions. This was 
supported by the isolation and Raman spectra of 
nitronium perchlorate and nitronium bisulfate. The 
strongest evidence that step (2) is the rate-determining 
step comes from kinetic data, where it is found that the 
rate-determining step must not involve a change in the 
number of cations and that the rate of nitration of all 
compounds parallels the concentration of nitronium 
ions. There is strong evidence to show that (3) is 
not the slow step in nitration, from the fact that in the 
nitration of 2-tritium-4-nitrotoluene, protons and 


CH, 

H T 

H Nu 
NO, 


tritium ions are eliminated at the same rate. Reaction 
occurs, of course, ortho to the methyl group, and if (3) 
were the slow step, then there should be a small but 
distinct difference in the rate of elimination of protons 
and tritium ions owing to a small difference in C—H 
and C—T bond energies. 

In other solvents nitration apparently takes place by 
the same mechanism but the rate of production and the 
concentration of nitronium ions is much lower, some- 
times the rate of production of nitronium ions becoming 
the slowest step. However, there is considerable data 
to support the above mechanism of nitration and it is 
satisfying that practically all data are consistent with 
this idea. 

The mechanism of aromatic halogenation is far less 
clearly understood. The kinetics are fairly complex, 
being complicated by the facts that (1) the: order of 
reaction with respect to halogen varies from one to four, 
depending upon the halogen concentration; (2) fre- 
quently heterogeneous catalysis is used (aluminum, 
iron, or their trihalide salts) and the liberated hydrogen 
halide also is a catalyst; and (3) different halogen 
species attack the aromatic molecule, depending upon 
the experimental conditions. In the last decade, 
considerable attention has been given to aromatic 
halogenation,” from which it appears that one of two 
mechanisms seems likely under most conditions, al- 


16 MELANDER, L., Nature, 163, 599 (1949). 

17 Ropertson, P. W., er Au., J. Chem. Soc., 1954, 1267, and 
previous. papers; L. N. Fercuson, A. Y. Garner, AND J. L. 
Mack, J. Am. Chem. Soc., 76, 1250 (1954); R. M. Keeper, J. H. 
BuaxkeE III, anv L. J. ANDREws, ibid., 76, 3062 (1954); T. Tsur- 


uta, K. Sasaki, AND J. FuruKAwA, tbid., 74, 5995 (1952); P. B. 
DE LA Marg, A. D. Ket.ey, anv C. A. VERNON, Research (Lon- 
don), 6, 12S (1953). 
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though others may occur. In acetic acid, water, 
and most solvents, it is probable that the neutral 
halogen molecule attacks the aromatic substance and 
reaction takes place by the three-step process: 


ArH + X2 ArH: X; (1) 
slow 

ArH: X, + C ———> +ArHX + (2) 

+ArHX ——> ArX + Ht (3) 


where X is a halogen atom, C is a catalyst (ALX;, HX, 
etc.), ArH:X_ is a molecular addition complex (fre- 
quently called a pi complex), studied extensively in 
recent years by many authors,'* and +ArHX is a penta- 
dienate cation. In hypohalous acid it seems that a 
halogen cation or hydrated halogen cation is the halo- 
genating species, and reaction takes place through a 
two-step process similar to that of nitration by nitro- 
nium ions. In any event, the arguments on the mech- 
anism are too complex to be discussed here. 

It has generally been regarded that alkylation and 
acylation take place by a three-step process in which a 
carbonium ion is first generated by the reaction of the 
alkyl or acyl halide with the catalyst, '* 


RX + MX; Rt + MX,~ 


slow 
ArH + —— +tArHR 
+ArHR —— ArR + H+ 


where R*+ represents an alkyl or acyl carbonium ion, 
+ArHR is a pentadienate cation, and MX; is a Friedel- 
Crafts type metal halide catalyst. Recently evi- 
dence has been presented’® to raise doubt about the 
ionization of the organic halide and to suggest that the 
organic halide and catalyst form a 1:1 addition com- 
pound which reacts with the aromatic molecule; then 
the halogen of the organic halide is lost to the catalyst 


- simultaneously with the formation of the aryl-alkyl 


carbon-carbon bond. 
ArH + RX:MX; — HAr---RX:MX; —~ ArR + HX + MX; 


Therefore, the mechanisms of alkylation and acylation 
are still not completely clarified. 

Of course, other electrophilic reactions, such as 
sulfonation, mercuration, chloromethylation, etc., have 
been studied, but the prominent features of the mecha- 
nism of electrophilic aromatic substitution should 
be evident without discussing additional examples. 
Therefore, let us consider the second phase of this 
topic, namely, the orienting influences of substituents. 
Experimental conditions such as temperature, con- 
centration of reactants, or type of solvent have only 
minor effects upon orientation and it appears that there 
are the following four important factors to be con- 
sidered: 

(1) Electron distribution of the normal aromatic 
molecule. 


18 Fercuson, L. N., J. Cue. Epuc., 31, 626 (1954); L. J. 
AnpREws, Chem. Revs., 54, 713 (1954). 

19 Brown, H. C., anp M. Grayson, J. Am. Chem. Soc., 75, 
6285 (1953). 
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(2) Relative stabilities of transition states when 
reaction occurs at ortho, meta, or para positions. 

(3) Steric effects. 

(4) Nature of the reagent. 


First of all, it is obvious that the reagents in these 
reactions under discussion are electrophilic because 
groups that increase the electron density of the benzene 
nucleus increase the rate of reaction, and groups that 
decrease the nuclear electron density diminish the rate 
of reaction. Therefore, other things being equal, the 
reagent will tend to react with the carbon atom at 
which there is the greatest availability of electrons. 
Now, a substituent alters the electron density of the 
ring through effects such as resonance and induction. 
For illustration, consider nitrobenzene. The strong 
electron-attracting nitro group withdraws electrons 
from the ring to decrease the over-all nuclear electron 
density and makes nitrobenzene less reactive than 
benzene. Then, owing to resonance among forms such 
as 


() 


the electron density at the ortho and para positions is 
further decreased, which makes nitration take place 
more readily at the meta positions. On the other hand, 
consider the trialkylanilinium ion, ArNR;*, for which 
resonance in the ground state is negligible. Since the 
+NR; group is found to be 100 per cent meta-orienting, 


electron densities at the meta and para positions, 
However, recent work” has shown that there is not a 
large difference in the charges at these two positions. 
Consequently, factor (1) does not account for the 
orientation characteristics of the *NR; group. Now, 
examine the structures of the transition states for 
reaction at the meta and para positions of ArNRst. 


Nr, NR, NR, 
H H H 
(I) 
NR, 


NR, NR, 


H’ ‘NO; H’ ‘NO; H 


(II) 


Calculations” of the electrostatic repulsion between the 
positive charges of (I) and (II) showed that the para- 


Roserts, J. D., R. A. CLement, anp G. G. Dryspatz, J* 
Am. Chem. Soc., 73, 2181 (1951). 


NO; 


factor (1) would require a large difference between the 
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position transition state is destabilized by 10 kg.-cal. 
more than the meta-position transition state. Such an 
energy difference could account for the complete meta 
substitution observed. 

As another example, consider the §-substituted 
styrenes, Ar—CH=CH—G, where G is an NO,, 
CHO, COOH, or SO.Cl group. The electron with- 
drawing effect of G is transmitted 90 per cent across 
the double bond, which explains the observed reduction 
in reactivity of these styrenes with respect to benzene. 
However, owing to resonance in the ground state of 
nitrostyrene, for instance, among forms such as 


it is expected that substitution would occur at the meta 
positions as with nitrobenzene. On the contrary, sub- 
stitution takes place primarily at the ortho and para 
positions. Again consider the probable structures of 
the transition states. It is seen that, owing to resonance 
among forms such as 


on 


only the ortho- and para-position transition states 
are stabilized by resonance involving the side chain. 
This resonance stabilization of the transition state 
decreases the respective activation energies to bring 
about ortho and para substitution. Here again, factor 
(1) is not able to account for the observed orientation 
properties and factor (2) is found to be the more im- 
portant, a point that has been stressed by previous 
authors.” ?! 

The third factor which has a marked effect. upon 
orientation of substitution, the steric effect, is that of 
hindering reaction at the ortho positions. Electrical 
effects from the substituent are transmitted primarily 
to the ortho and para positions but only in a small 
extent to the meta positions, while the steric factor 
affects only the ortho positions. Consequently, the 


21 Rosperts, J. D., anp A. Strerrwisser, J. Am. Chem. Soc., 
74, 4723 (1952); M. J. S. Dewar, ibid., 74, 3357 (1952); F. G. 
BorpweEtu K. Roupk, ibid., 70, 1191 (1948); G. W. WHE- 
LAND, tbid., 64,900(1942); B. PuLuMANN, Bull. soc. chim. (France), 
1948, 533; 1947, 652; C. A. Counson anp H. C. Loneusr 
Hieerns, Proc. Roy. Soc. (London), A192, 16 (1947); R. DaupEL 
anp A, Putiman, J. phys. radium, 7, 105 (1946); G. E. K. 
Brancu AnD M. Catyin, loc. cit., p. 475. 
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para/meta ratio of activities should reflect only the 
difference in electrical influences at these two positions, 
while the ortho/meta and ortho/para ratios should re- 
flect the combined effects of steric and electrical in- 
fluences. From the ratios of the respective partial 
rate factors” listed below, it can be seen that the para/- 


Ratios of Partial Rate Factors 
Propylation Ortho/pura Ortho/meta Para/meta 
CsH;CH; 0.355 1.22 3.44 
CsH;CH(CHs)2 0.069 0.16 2.32 
Nitration 
0.724 16.8 23.2 
CsH;C(CHs)s 0.073 1.37 18.7 


meta ratios for methylbenzene are of the same order of 
magnitude as for the larger alkyl group substituted 
benzenes, but the ortho/meta and ortho/para ratios 
for the alkyl benzenes are only one-tenth as large as 
those of methylbenzene. This shows that spatial 
interference from the large alkyl groups is hindering 
ortho-substitution in these compounds.?* 

The fourth major factor listed above that affects 
orientation is the nature of the reagent. One might 
reason that a highly reactive reagent, such as a car- 
bonium ion in alkylation, does not care much about 
which molecule it reacts with; it will simply react 
with the first molecule it encounters. In other words, 
reaction would tend to take place with benzene about 
as readily as with many other compounds. In this 
connection, the ratio of rates of alkylation of toluene to 
benzene is 2:1, not very large. Furthermore, when 
the highly reactive reagent reacts with an aromatic 
molecule, the reagent probably would not be selective 
about which carbon atom of the aromatic ring it 
reacted with. That is, there will be little preferential 
orientation, and it is noteworthy that alkylation of 
toluene gives 25-30 per cent meta substitution. The 
purely statistical value is 40 per cent. In the op- 
posite case, a less reactive reagent such as molecular 
chlorine will be more selective about which type of 
molecule it will react with. It will choose the molecule 
of greatest electron density. So it is that the ratio of 


22 Partial rate factors are integers to represent the relative rates 
of reaction at the nuclear carbon atoms of a substituted benzene 
with respect to a carbon atom of benzene. 

28 This steric effect appears to be insignificant in the substitu- 
tion of the aryl halides because the corresponding ratios for ni- 
tration and bromination are as follows: 


Ortho/para Ortho/meta Para/meta 


Nitration 
0.07 24 348 
0.32 38 120 
Bromination 
0.06 64 1070 
CeH;Br 0.08 133 1730 


A steric effect here is obviously lacking. 
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rates of chlorination of toluene to benzene is 350:1. 
And, too, the unreactive reagent is particular about 
which nuclear carbon atom it reacts with, picking the 
one at which electrons are the most available. In con- 
nection with this, less than one per cent meta sub- 
stitution occurs in the chlorination of toluene. Be- 
tween these two extremes the ratio of reactivities of 
toluene to benzene is found to be 24:1 for nitration 
and 20:1 for bromination by bromine cations. This is 
an oversimplified description, of course, but one to 
express the point, as well as to bring out added im- 
portance of factor (1) above. 
< *NO,, X*+ < Rt 
4-11 25-30 


Activity of reagent: Xe 
Per cent meta substitution: “ 0.1 


A semiquantitative correlation has been drawn be- 
tween activity of the reagent and per cent meta sub- 
stitution, which has been useful in checking the fraction 
of meta substitution that is expected in certain reac- 
tions.24 The important point is that the nature of the 
reagent does affect orientation of substitution, probably 
owing to the relative polarizing powers of the various 
reagents upon an aromatic molecule. This view has 
been expressed by several authors.” 

In conclusion then, electrophilic aromatic substitution 
apparently takes place by the formation of an inter- 
mediate pentadienate cation, +ArG, where Ar is an 
aromatic molecule and G is a portion of the reagent. 
The steps in the production of this carbonium ion 
may differ to a small degree for the various types of 
reactions. The mechanism of nitration is fairly well 
established and substantiated by considerable ex- 
perimental data but the mechanism of halogenation is 
complex and not clearly defined, while the mechanism 
of alkylation is still uncertain. Concerning orienta- 
tion of substitution, four factors may be regarded as 
having strong influences. Then, what is observed ex- 
perimentally is the result of the combined energy 
relationships of these four factors with minor altera- 
tions from experimental conditions of temperature, 
solvent, concentrations of reactants, etc. 

This topic is one of continued, wide interest, and re- 
search is being conducted on its various aspects in 
laboratories of several countries. It has long beén an 
interesting subject and the story becomes more colorful 
when the many correlations between orientation of sub- 
stitution and the physical and chemical properties of 
aromatic substances are described. 


24 Brown, H. C., anp K. L. Newtson, J. Am. Chem. Soc., 75, 
6292 (1953). 

2% Dennis, 8. F., A. S. anp M. J. ibid., 71, 
1484 (1949); G. W. WHELAND aAnp L. Pautina, ibid., 57, 2086 
(1935); B. Putuman, Bull. soc. chim. (France), 1948, 533. 
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2 A SYNTHETIC DETERGENT: 
FOR APPRECIATIONS IN CHEMISTRY’ 


Tue problem of discussing chemical work in such a 
fashion as to allow the interested person who has little 
technical background to appreciate its complex fabric 
of methods, activities, and results is a difficult and an 
important one. 

A discussion of “what chemistry is” or “what is the 
nature of chemical work” is often a preface or an in- 
troduction to an elementary textbook. It comprises, 
by tradition, a recital of some of the ways in which the 
end products of chemical technology have affected 
our day-to-day activities. These have otherwise 
been called to the attention of the student and of the 
educated and intelligent adult, often in a somewhat 
crude or misleading manner, by radio and newspaper 
advertising. They have been described more carefully 
and more entertainingly in radio and television pro- 
grams of a scientific nature, in popular scientific ar- 
ticles, and in news reports. The applications of re- 
search and development in chemistry in relation to 
the security of the nation and in the production of 
essential materials of industry and of warfare have 


been impressed on ‘the public somewhat ‘more vaguely | 


but no less forcefully by the events of the last decade. 


1 Presented in part at the 124th Meeting of the American 
Chemical Society, Chicago, September, 1953. 
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Such information is certainly important in the de- 
velopment of an appreciation of the importance of 
chemical work in our material culture, but it actually 
tells little of the nature of chemistry. 

It can be argued, on the other hand, that to know 
what chemistry is, one must first study elementary 
principles, and must have some knowledge of de- 
scriptive chemistry. A knowledge of chemistry, an 
understanding of the nature of chemical work, and an 
appreciation of the role of chemistry in our society 
are generally recognized aims of the formal work in 
chemistry for secondary-school students, and for those 
college courses in chemistry and in physical science 
which are intended for the nonspecialist. The major 
emphasis, properly, has been on the first of these aims— 
a knowledge of chemistry. 

There is a large and important area of understandings 
and appreciations not developed by studying facts 
and principles organized in logical fashion, and not 
included in the popular appreciation of the wonders 
of modern chemistry... The recognition of this area, 
used to be made, almost superficially, by brief de- 
scriptions of the essentials of the scientific method at 
the beginning of textbooks of chemistry. Such de- 
scriptions scarcely illustrated the method. More 


Outline of Topics and of Concepts in Order of Development 


Fundamental research 


Selected topics in the chemistry of benzene 
Isolation 
Composition (quantitative analysis, molecular composition) 


Valence theory and the structure of benzene 


Selected reactions 

The Friedel-Crafts hydrocarbon synthesis 
Discovery 
Applications 


ap 
History 
Structure 


Molecular sizes and shapes 
Experimental techniques 


Monomolecular films and molecular architecture 


Mechanism of detergent action 
- Orientation at surfaces, emulsification 


Discovery of a new material and its characterization 

Qualitative and quantitative nature of descriptive chemistry, 
molecular theory 

Need for theory of structure; unifying concepts from inductive 
reasoning 

Investigations of behavior of a new compound 


‘“‘Accidental”’ discovery of a new reaction 
Principle of generality in chemical behavior 


A “practical art’’ and its empirical development 

Improvements in manufacture and use follow theory 

Importance of methods and tools for investigation; new in- 
sights through new experimental techniques 

Submicroscopic —- correlated with theory and with 
macroscopic behavior 


Physical phenomena explained by chemical forces 


Developmental research 


Synthetic materials 
Synthesis of a detergent 
Commercial chemical development 


Synthesis to imitate the structure of a natural product; specific 
variations and improvements 

Conceptual development and practice requiring, as background, 
all work previously descri 

Engineering, control, testing, research, improvements, new ap- 
plications 
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recently, these understandings and appreciations have 
received increasing attention in the organization of 
science courses at the college level for nonscience 
students.? A direct attack on the problem of organ- 
ization of material for a college course which will con- 
tribute to “understanding science’ by Conant’ and 
by others‘ has had an important influence in teaching 
chemistry. That approach is a rigorous one, requiring 
extensive, carefully selected readings in the earlier 
scientific literature. 

It should be possible to discuss some phases of chem- 
ical work in a way less rigorous than the historical 
approach of Conant, yet less superficial than that of 
the popular articles describing chemical developments. 
The illustration outlined in the table is an attempt to 
lead toward the understandings and appreciations so 
important for the layman. In developing it, it is 
necessary to use some technical terms, descriptions of 
apparatus, structural formulas; yet it is believed that 
this ean be done so that it will be understandable to 
one who knows little chemistry. 

The plan of attack in this illustration is to select 
a chemical product of some interest—a synthetic de- 
tergent which is one of the relatively new ‘‘soap sub- 
stitutes’ for household use—and to describe its chem- 
ical history. The product chosen is a prosaic one; 
a new drug, a synthetic rubber, a new fiber might 
equally well serve as illustration. One looks first at 
some of the earlier chemical work, research of the period 
1825-1925, which was directed toward finding out the 
structure of some simple substances. It should be 
possible to develop in this way an appreciation of some 
of the different types of work in fundamental chemical 
research. The second type of work, the development 
of a product of some importance, follows logically in 
the discussion. In this way, as part of a continuing 
development, a series of separate topics is presented. 
Each of these illustrates some facet of chemical work 
which contributes to the over-all picture of the nature 
of chemistry; and each, at the same time, is a part of 
the story of the development of a synthetic detergent.® 

Within the framework of a topic such as this, there 
is opportunity to illustrate a number of points of some 
importance for popular understanding of chemical 
work and appreciation of the varied nature of its mo- 
tivations, techniques, and results. 

The distinction between so-called pure research and 
applied research, which may well be made on the basis 
of motivation, is illustrated by contrasting the early 
work on structure, work undertaken primarily to 
satisfy a refined curiosity or to establish order and pat- 
tern in a group of otherwise chaotic observations, with 
the purposeful synthesis of materials of utility or of 


2 McGratn, E. J., “Science in General Education,”’ Wm. C. 
Brown Company, Dubuque, Iowa, 1948; Entrixin, J. B., J. 
Cuem. Epuc., 28, 274 (1951). 

3 Conant, J. B., “On Understanding Science,” Yale University 
Press, New Haven, 1947. ‘ 

4 Nasu, L. K., J. Cue. Epuc., 28, 146 (1951). 

5 See, for example, BuncrE, STanuey C., School Sci. and Math., 
54, 637 (1954). 
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potential commercial importance, and with the scien- 
tific examination and improvement of processes of 
commercial importance. One can profitably use such 
an illustration to explore the differences between science 
and technology; to draw the fine line in these examples 
is to invite argument, but the broad distinctions are 
clear. 

A detailed examination of several of the developments 
outlined would be necessary to convey adequately the 
varied approaches in chemical research problems and 
the wide differences in the fundamental nature of each 
of these. There is included, for example, a typical 
instance of the isolation of a new natural product by 
careful observation, one of determination of com- 
position based on analytical methods, one of pioneering 
hypothesis on fundamental principles of structure. 
The discovery of properties and of new compounds by 
what now appears to be random experimentation, the 
future importance of general synthetic methods so 
discovered, and the development of a completely new 
tool to measure new properties are further examples. 

A general point of great importance is the com- 
plicated nature of the interrelation of work in various 
fields and the dependence of scientific work, at any 
time, on the body of accumulated factual information, 
techniques, and theories. Main threads of the pat- 
tern serve to illustrate this; to trace back each con- 
tribution would involve a tremendous amount of past 
work. The complete dependence of applied or de- 
velopmental work on basic research, and the depend- 
ence of both on the exchange, publication, and ab- 
stracting of scientific information are obvious cor- 
ollaries. 

An appreciation of the varied types of activities in 
chemical work is important for anyone considering 
chemistry as a vocation. Such variety is obviously 
demonstrated in the examples chosen, but a detailed 
development would be required if one were primarily 
interested in such aspects. 

The outline presented in the table is the essential 
instructional device, and it can be given body and in- 
ternal relation in a number of ways. Presenting the 
material in a series of short lectures is probably the 
least satisfactory way, from the point of view of the 
student; much more is accomplished if he can fill in 
the details for himself by reading and study. Ideally, 
then, such material ought to be presented in the form 
of original sources and in detailed descriptive com- 
mentary which students might study, report on, and 
discuss. If carefully enough done, this might be as 
satisfactory a way as any to introduce organic chem- 
istry in general college chemistry. That such material 
is not readily available and indeed is somewhat diffi- 
cult to organize, is a major limitation, for any use, of 
the point of approach suggested. Material of this 
sort may well be of value, however, even if the treat- 
ment is incomplete and methods of presentation are 
not ideal, in arousing interest in chemistry and in 
bringing important appreciations to those for whom 
chemistry is a part of our culture. 
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Tue purpose of this paper is to review very briefly the 
subject of equivalent weights and the more directly 
applicable gram equivalents and to offer a general 
method by which they may be deduced from chemical 
equations. 

The concept of equivalent weights and of the closely 
related gram equivalents is of fundamental importance 
in chemistry. It is one with which the chemistry 
student has to wrestle in several connections during 
his college career. He meets it first in the general 
chemistry course, where equivalent weights are studied 
as a basis for atomic weights. Their importance in this 
application may be realized from the fact that of the 
presently accepted atomic weight values all but a very 
few, perhaps 15, were determined from gram equiva- 
lents. They are next met in the study of Faraday’s 
famous second law of electrolysis, which relates the 
quantitative effects at the electrodes to the equivalent 
weights of the substances changed. On the basis of 
this law we define the faraday as the quantity of electric- 
ity that brings about one gram equivalent change at 
an electrode. Then, in quantitative analysis, the 
student finds that the gram equivalents of substances, 
both elementary and compound, are virtually indis- 
pensable because of two applications. First, in order to 
calculate what weight of a reagent will be required to 
prepare a solution of specified normality, the gram 
equivalent of the reagent must be known. For example, 
if one wants to prepare an approximately 0.1 N solution 
of potassium permanganate to use for titrations in 
acidic solution, he must know that the gram equivalent 
is one-fifth of a mole, or 31.61 g. Second, the gram 
equivalent of the constituent being determined in a 


1 The method of deducing equivalent weights and gram equiva- 
lents to be described was discussed at the 15th Summer Confer- 
ence of the New England Association of Chemistry Teachers held 
at Bowdoin College in 1953. In part, the paper parallels the 
treatment of the subject in a book on quantitative analysis by 
Albert Frederick Daggett, of the University of New Hampshire, 
and the writer, to be published shortly by D. C. Heath and Com- 
pany. 


® GRAM EQUIVALENT WEIGHTS’ 
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volumetric analysis must be known in order to calculate 
the per cent of it in a given sample from the results of a 
titration and the normality of the reagent solution. 
For example, if one wants to calculate the per cent of 
nitrogen in a sample from the data of a Kjeldahl de- 
termination, he must know that the gram equivalent of 
nitrogen is 14.008 g. This, together with the volume 
of standard acid solution neutralized by the ammonia 
distilled over, its normality, and the weight of the 
sample. leads to the per cent of nitrogen. These various 
applications, all of them highly important both in 
teaching and practicing the science, furnish sufficient 
reason why the student should have a clear knowledge 
of equivalent weights and gram equivalents. 

It is unfortunate to the teaching of chemistry that 
the treatment of this subject in most of our textbooks 
is so meager and so confusing. Nor is it free from 
“false doctrine,” the use of stop-gap information that 
has to be relearned differently later in the student’s 
chemistry career. It seems safe to say that no topic of 
comparable importance receives such inadequate dis- 
cussion and attention. 

The experienced analyst is not greatly concerned 
over the lack of a general method of deducing equivalent 
weights. But pity the poor student! In the general 
chemistry course he learns some simple rule, such as 
“the equivalent weight of an element is the atomic 
weight divided by the valence.” Later, in quantita- 
tive analysis, he meets with so many exceptions to 
this rule that he realizes that it is virtually worthless. 
In the general chemistry course, again, he may be 
taught that the standard for equivalent weights is 
1.008 parts of hydrogen by weight, a standard given in 
eight out of eleven books examined by the writer. 
Later, in some more discriminating study, perhaps in 
the physical chemistry course, he finds that oxygen = 
8.000 is the accepted standard. He learns that the 
equivalent weight of an acid is the molecular weight 
divided by the number of replaceable hydrogens in the 
molecule. Later, he finds that if the number of theo- 


the 
the 
OF CHE BBOCIATION fom 
due 
tres 
whe 
= 
Th 
: 
| lent 
to | 
4 sub 
sev 


‘ulate 
s of a 
ition. 
nt of 
il de- 
ant of 
lume 
nonia 
f the 
rious 
th in 
cient 


ledge 
that 


00ks 
from 
that 
lent’s 
vic of 


dis- 
srned 


alent 
neral 
th as 
omic 
itita- 
is to 
nless. 
y be 
ts is 
en in 
riter. 
ps in 


n = 
; the 
eight 
1 the 
theo- 


JANUARY, 1955 


retically replaceable hydrogens is greater than unity, 
the rule is valid only under certain conditions. Further, 
he learns that the equivalent weight of a salt is the 
formula weight divided by the number of cation valences 
or, perhaps, it is the weight of the salt “that contains 
one gram equivalent of the metal or positive group.” 
Later, he finds that such a rule as this is true only 
sometimes and he is in no position to predict when it 
will hold and when it won’t. The fact is that the 
so-called rules which the student finds in many text- 
books are of little use to him in practice and render the 
subject confusing to him. Sometimes, they are defi- 
nitely incorrect. 

Some textbook authors have tried to bring some de- 
gree of order out of this existing chaos and to them 
due credit must be accorded. So far, however, no 
treatment has been satisfactorily comprehensive and 
really helpful to the student. This unfortunate situa- 
tion has caused the writer concern for a long time, 
especially in his teaching of quantitative analysis, 
where the logical deduction of gram equivalents be- 
comes a matter of direct interest. In an effort to 
integrate our knowledge of the subject he has been led 
to prepare this summary on gram equivalents and to 
suggest a way in which they may safely be deduced 
from chemical equations. Students have handled this 
method in a very gratifying manner. 

The fundamental definition of equivalent weight 
is this: The equivalent weight of a substance is the 
number of parts by weight of it which combine with or 
are otherwise chemically equivalent to 8.000 parts by 
weight of oxygen. In laboratory practice we custom- 
arily deal with weights expressed in grams, and so the 
more precise quantity of gram equivalent is more di- 
rectly useful. We may define this quantity thus: 
The gram equivalent of a substance is the number of 
grams of the substance which are chemically equivalent 
to 8.000 g. of oxygen. The term “chemically equiva- 
lent’’ need not be defined precisely; its meaning is well 
understood by any thinking student. It is, however, 
of interest to recall that “equivalent” was first used in 
this chemical sense by the great scientist Henry 
Cavendish, in 1767, with reference to the quantities of 
potash and lime required to neutralize the same quan- 
tity of an acid. 

Beyond this fundamental definition it is essential 
to keep in mind that the gram equivalent of any sub- 
stance is a quantity based primarily .upon experiment. 
It may not be the same for all of the reactions of the 
substance; in fact, it is a common experience to find 
several different gram equivalents for the same element 
or compound. By way of illustration of this we may 
cite the following cases: 

(1) The gram equivalent of iron in its reaction with 
dilute hydrochloric or sulfuric acid, 


Fe + 2H,0O+ Fe++ + Hit + 2H:0 


or when it is deposited from a ferrous sulfate solution 
by the electric current, 


Fet+ + Fe} 


is one-half the gram atom, 27.93 g. In the reaction of 
iron with chlorine to form ferric chloride, 


2Fe + 3Ch — 2FeCh 


it is one-third the gram atom, 18.62 g. But in the re- 
duction of ferric ion to ferrous ion by a reducing agent 
like stannous chloride, 


2Fet? + Sn++— 2Fe++ + Snt! 


or in the oxidation of ferrous ion to ferric ion, when, 
for example, bromine is added to a solution of ferrous 
chloride, 


Fett — + le 


it is the same as the gram atom, 55.85 g. 

(2) The gram equivalent of ferrous ammonium 
sulfate hexahydrate, FeSO,-(NH,)280,-6H:O, when the 
acidified solution of the salt is oxidized by a ceric 
or permanganate or some other oxidizing solution, is 
equal to the gram formula weight, 392.15 g. Here 
the oxidation reaction is merely 


Fet+ — Fe*? + le 


If the ferrous ammonium sulfate solution reacts with 
potassium ferrocyanide, 


2Fe+*+ + Fe(CN)s—* FesFe(CN). 
or is electrolyzed to deposit iron, 
Fe*++ + 2e—> Fe 


the gram equivalent is one-half the gram formula 
weight, 196.08 g. If the solution is used to precipitate 
barium sulfate by reaction with barium chloride 
solution, 


SO,-- + Ba++ — BaSO, 


the gram equivalent is one-quarter the gram formula 
weight, 98.04 g. 

The deduction of the gram equivalents of elements 
when they react to form binary compounds presents no 
difficulty. We simply note the weights of the elements 
which combine with 8.000 g. of oxygen or with the 
known gram equivalent of some other element, e. g., 
1.008 g. of hydrogen, which itself combines with oxygen. 
Attention must be paid, of course, to the valence states 
of the reacting elements as indicated by the formulas of 
the products. 

The real difficulty comes in dealing with compounds. 
Compounds, more so than elements, take part in 
several different types of reactions. What we are 
seeking is a rule for deducing gram equivalents that 
will cover all of these types. This we think we have 
worked out. Asa “working definition,” which is read- 
ily derivable from the fundamental definition cited 
above and which seems to be applicable in all ordinary 
cases, we offer this: The gram equivalent of a sub- 
stance taking part in a given reaction is the number of 


grams of the substance associated with the transfer of 
n electrons or protons or with the neutralization of n 
negative or positive charges, where n is Avogadro’s 
number, 6.02 107°. 

The relation between Avogadro’s number and the 
gram equivalent change is important to our present 
proposition and may be recalled briefly as follows: 

The faraday, which is approximately 96,500 cou- 
lombs, is the quantity of electricity which will bring 
about one gram equivalent change at each electrode 
when a direct current passes through an electrolytic 
cell. If the current is passed through a solution of 
potassium nitrate between platinum electrodes, one 
faraday deposits 8.000 g. of oxygen at the anode and 
1.008 g. of hydrogen at the cathode. Thus we see that 
one faraday is equivalent to 1.008 g. of hydrogen, 
i. e., to a half mole of hydrogen, or 3.01 X 10?* hydro- 
gen molecules, or 6.02 X 10** hydrogen atoms, and to 
6.02 X 1078 hydrogen ions discharged. When 6.02 X 
10** hydrogen ions are discharged, the same number of 
electrons is transferred to them. Hence 1 faraday of 
electricity equals n electrons. 

When we write an equation for an oxidation reaction 
by showing the removal of electrons, 


2I- — I, + 2e 
or for a reduction reaction showing the gain of electrons 
Fe*? + le — Fett 


we are representing the loss or the gain of one electron 
per ion. But if we take, as we do, the formula of the 
ion to represent one mole, then each “e” in the equation 
stands for n electrons. 

Furthermore, because each negative charge on an ion 
represents an excess, and each positive charge a de- 
ficiency of one electron per ion, they likewise represent 
an excess, or deficiency, of n electrons per mole of the 
ion. According to our ‘working definition” the quan- 
tity of the ion neutralized by n charges of the opposite 
sign will be its gram equivalent. Thus we bridge the 
gap between oxidation-reduction reactions in which 
there is a transfer of electrons and other types of reac- 
tions where a neutralization of charges is involved. 

In order to realize how our “working definition” 
may be applied to the several types of reactions, let us 
consider briefly some representative cases. 

(1) Oxidation-Reduction (Redox) Reactions. What 
is the gram equivalent of potassium permanganate and 
of sodium sulfite when they react together in acidic 
solution? The over-all equation for the reaction is 


5SO;-~ + 2MnOQ,~ + 6H;0+ — + 2Mn*+* + 
If we break this into the two step equations (corre- 
sponding to half-cell reactions), we have 


Oxidation: SO;-~ + 3H.0 — SO,-- + 2H;0+ + 2e . 
Reduction: MnO,~ + 8H;0* + 5e Mnt+ + 12H,0 
Each mole of sulfite ion loses 2n electrons; hence the 
gram equivalent of sulfite ion and of the sodium sul- 
fite used as solute will be one-half the mole, 7. e., 63.03 
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g. of sodium sulfite. Each mole of permanganate takes 
on 5n electrons; the gram equivalent of permanganate 
ion and of potassium permanganate will be one-fifth of 
the mole, ¢. e., 31.61 g. 

What is the gram equivalent of potassium perman- 
ganate and of manganous sulfate monohydrate when 
the following reaction occurs in neutral solution? 


3Mntt + 2Mn0Q,~- + 6H.O 5MnO.} + 4H;0+ 
Writing the two step equations, we have 


Oxidation: Mn*+*+ + 6H,O MnO.} + 4H;0+ + 2e 
Reduction: MnO,~ + 4H;0* + 3e MnO,} + 6H,0 
One mole of the salt MnSQ,-H,0 yields one mole of 
manganous ion, Mn**, which oxidizes to manganese 
dioxide and loses 2n electrons. Hence the gram 
equivalent is one-half of the mole, or 84.51 g. One 
mole of potassium permanganate yields one mole of 
permanganate ion, MnQ,~, which upon reduction to 
manganese dioxide takes on 3n electrons. Hence the 

gram equivalent is one-third of the mole, or 52.68 g. 

(2) Acid-Base (Neutralization) Reactions. In an 
acid-base reaction electrons are not transferred. How- 
ever, protons, H*, are transferred from the acid to the 
base and it is upon the number of these that the cal- 
culation of the gram equivalent is based. In the 
reaction between solutions of sodium hydroxide and 
hydrochloric acid, for example, 


H,;0+ + OH- — 


one proton is transferred frem the hydrogen ion to the 
hydroxyl ion. If we consider that the equation repre- 
sents molar quantities, n protons are transferred from 
one mole of hydrogen ion to one mole of hydroxy] ion. 
Hence we deduce that the gram equivalent of hydro- 
chloric acid is equal to the mole and that of sodium 
hydroxide is also equal to the mole, 36.46 g. and 40.01 g., 
respectively. 

What is the gram equivalent of sodium carbonate, 
Na,CO;, when it is used to standardize a solution of 
sulfuric acid? What is the gram equivalent of sulfuric 
acid? In the titration it is customary to use methyl 
orange, or some other substance of similar pH range, as 
indicator. The indicator color changes from the clear 
yellow of the basic solution toward red at a pH of about 
4.4 as acid is added. This indicates the end point of 
the reaction 


2H;,0+ + CO;-- — H:CO; + 


It is obvious in this case that one mole of the sodium 
carbonate yields one mole of carbonate ion and that, in 
the reaction, 2n protons transfer from the hydrogen 
ion to the carbonate to form carbonic acid and water. 
Thus the gram equivalent of sodium carbonate must be 
one-half of the mole, or 53.00 g., and that of the sulfuric 
acid is also one-half of the mole, or 49.04 g. 

All acids and bases may be treated in this way. 
It should be emphasized that the number of protons 
actually transferred in the reaction determines the 
equivalent weight. 
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(3) Precipitation Reactions. This type of reaction 
usually involves the transfer of neither electrons nor 
protons. Instead, ions combine to yield an ionic com- 
pound of low solubility. The ions are not discharged; 
they merely go to form a crystal lattice and are neu- 
tralized only statically. The gram equivalent is 
calculated from the number of charges neutralized in 
this way. é 

For the reaction between sodium chloride and silver 
nitrate solutions we write 


Ag* + Cl- — Ag*Cl- 


which tells us that the positive charge on the silver 
ion and the negative charge on the chloride ion neu- 
tralize each other statically when the silver chloride is 
precipitated. If we consider moles of reacting ions, 
then we see that n positive charges and n negative 
charges are neutralized. Hence the gram equivalent 
of silver nitrate and the gram equivalent of sodium 
chloride are each equal to the mole, 7. e., to 169.89 g. 
and 58.46 g., respectively. 

Let us consider a less obvious case. Potassium 
ferrocyanide precipitates the zine from a zinc sulfate 
solution according to the equation 


3Zn** + 2K+ + 2Fe(CN)o~* 


When three moles of zinc ion, Zn++, react, 6n charges 
are neutralized; hence the gram equivalent of zinc 
will be one-half of the gram atom, or 32.69 g. In 
order to neutralize the 6n charges.of the three moles 
of zinc ion, two moles of ferrocyanide ion must react; 
hence the gram equivalent of the potassium ferro- 
cyanide is one-third of a mole, or 122.78 g. In contrast 
to this, the gram equivalent of sodium ferrocyanide, 
NayFe(CN)¢, is one-quarter of the mole. With it the 
reaction of a zine salt is 


2Znt++ + Fe(CN)s~* ZnzFe(CN )s 


This rather curious fact emphasizes further that the 
gram equivalent must be deduced from the reaction, 
not merely from the formula of the substance. 

(4) Complex-ion Formation Reactions. The cal- 
culation of the gram equivalent of a substance taking 
part in a reaction involving the formation of complex 
ions is not a frequent need in analytical chemistry but 
it is required in some important cases. One case in 
which it may fruitfully be applied is in the well-known 
von Liebig method for determining the potassium 
cyanide content in the crude material used as in- 
secticide, for case-hardening, and for electrolytic pur- 
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poses. In the determination, the dissolved sample of 
the cyanide is titrated with standard silver nitrate 
solution until a white precipitate just begins to form. 
The main reaction is 


Ag* + 2CN~ — Ag(CN):~ 


and the production of the precipitate indicates the 
beginning of the reaction 
Ag(CN).~ + Agt 2AgCN } 


The per cent of potassium cyanide is calculated by 
the usual expression, 
%KCN = (vol. AgNO; X n) 
1000 
What is the gram equivalent of potassium cyanide? 
When one mole of silver ion changes into the complex 
ion according to the first equation, n charges are 
neutralized. These n charges that are neutralized 
are associated with two moles of cyanide ion. Hence 
the gram equivalent of potassium cyanide must be 
twice the gram formula weight, or 130.24 g. 


SUMMARY 


This general method for deducing gram equivalents 
has been found very useful by application in numerous 
cases. One cannot claim perfection for it, however, 
for one case has been found to which it cannot be 
fruitfully applied. This is in the cyanide method for 
determining copper. The key reaction in this process 
is in the titration of ammoniacal cupric solution with 
potassium cyanide solution; at the end point the 
purple-blue of the cupric-tetraamino complex ion gives 
place to the light brown cupro-cyanide complex ion. 
The reaction is complicated and involves reduction of 
the copper from cupric te cuprous and at the same time 
the formation of the cupro-cyanide complex ion. 
The overlapping of these two processes invalidates the 
application of the method for deducing the gram equiva- 
lent. Other cases may also be found in which the 
method is not valid. Even though the method may 
not be the last word, nevertheless it is an attempt to 
clarify a situation which is, for the most part, vague and 
baffling to the student. 
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To the Editor: 


The recent article by D. D. DeFord (rats JourNnat, 
31, 460 (1954)) mentions that solubility products are 
frequently not accurately known, and that many calcu- 
lations in quantitative analysis may therefore be of little 
value. 

I think it may be interesting to mention one notable 
example, inasmuch as it affects the validity of that 
classic calculation, the determination of the exact 
chromate ion concentration necessary to make the end- 
point in Mohr’s method coincide with the equivalence 
point. This calculation requires the use of the solubil- 
ity products of both silver chloride and silver chromate, 
quantities which one would imagine to be known to a 
high degree of accuracy. 

In five leading texts of quantitative analysis pub- 
lished between 1943 and 1954 one finds that the solu- 
bility products of silver chromate cover the range from 
0.57 to 9.0 X 10-!? and even the solubility product of 
silver chloride ranges from 1.0 to 1.7 X 10-". The ex- 
treme range of “correct”? chromate ion concentrations 
using these values would be 0.003 to 0.09 molar. 

In each of the texts the calculation is made, and then 
the observation that this is not the “‘practical’”’ chromate 
ion concentration to use, only the theoretical. How- 
ever, even the practical values suggested ranged from 
0.002 to 0.01 molar, which hardly indicates perfect 
unanimity. 

J. P. Pairs 


UNIVERSITY OF LOUISVILLE 
Kentucky 


To the Editor: 

With reference to the paper “The use of a radio-fre- 
quency oscillator in student analysis,” by James L. 
Hall and his associates which appeared in THIS JOURNAL, 
31, 54-9 (1954), as the originator of radio-frequency 
chemical analysis in 1936 and the first to apply r.-f. for 
that purpose by the application of external electrodes in 
1944, I should like to congratulate the authors on their 
paper. I am, however, disappointed not to have re- 
ceived credit in their reference list for my own work 
which opened the door to this new analytical field. 

My work is described in detail with the dates and 
titles of my own and other workers’ publications up to 
the time of printing. My first edition, ‘“Conductimetric 
Analysis at Radio-frequency,” was published in Eng- 


land by Chapman and Hall in 1950, and my American 
edition was published by the Chemical Publishing Co. of 
New York in 1952. 


G. G. BLAKE 


Tue UNIVERSITY OF SYDNEY 
SypnrEy, AUSTRALIA 


To the Editor: 

Perhaps other teachers of chemistry have, like me, 
had scant certainty of what becomes of the cryolite 
so essential in the reduction of aluminum from its 
ore. Textbooks generally seeny to consider it of little 
importance. Statements about it often leave the 
implication that since “theoretically it lasts forever” 
no further attention to its performance is in order. 

Schlesinger,' in a footnote, says the “quantity [of 
cryolite] used up is relatively small.” He further 
states that there is now an artificial cryolite avail- 
able to supplement the limited natural mineral supply 
obtainable only from Greenland. 

The facts appear to be that not only does the cry- 
olite not “last forever’ but that the quantity needed 
by: huge modern reduction plants is by no means small. 
For every ton of free metal produced, it is reliably 
stated? that one-tenth of a ton of cryolite is lost. One 
of the Reynolds plants’ is currently producing 100 
million pounds of aluminum metal per year. Obviously 
10 million pounds of cryolite is not a small quantity. 
Its loss is something to be reduced. 

Another aspect of cryolite’s place in the company’s 
concern is its part in the adverse publicity of litigations 
that involve thousands of dollars. One such suit 
for damages alleged to have been entailed by a dairy 
herd was recently reduced by the court from $42,000 
to $14,000 ‘‘in view of the corrective measures which 
have been taken” by the defendant. Of the last 
half of the period covered by the suit the judge said, 
“The defendant had installed fume controls which 
have proven effective.” 

Here, as in many other industrial controls of wastes, 
the “corrective processing” has both reduced annoy- 
ing litigation and at the same time salvaged a necessary 
processing chemical. By the combination of these 
captured gases and the scrubbings of reclaimed cry- 
olite from the spent reduction cells, replacement for 
the 10 million pounds of lost cryolite is produced 
locally, an accomplishment, certainly, for economy, 
and one that is of much interest to the public as well. 

I submit the above as of interest to chemistry 
teachers. It might also merit a “footnote” rating for 
the students of the course. 


B. Ciirrorp HENDRICKS 
Loneview, WASHINGTON 


1 “General Chemistry,’’ Longmans, Green & Co., New York, 
1937, p. 179. 

2 “Fneyclopedia Britannica,’ 1951, Vol. I, p. 714. 

Longview, Washington. 
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* THE STRUCTURES AND REACTIONS OF THE 
AROMATIC COMPOUNDS 


G. M. Badger, Reader in Chemistry in the University of Adelaide. 
Cambridge University Press, New York, 1954. xii + 456 pp. 
Many figs. and tables. 14.5 X 22cm. $11.50. 


Ever since Kekulé made his classic suggestion for the structure 
of benzene a tremendous volume of theoretical and experimental 
evidence has been amassed in an attempt to ascertain the actual 
structure of benzene and its close relatives, the more common 
aromatic hydrocarbons. Now, after nearly one hundred years, 
our conception of the structure of benzene is more rational, and 
undoubtedly more nearly correct, than the proposal of Kekulé. 
Of all the structural problems in organic chemistry, the structures 
of the aromatic compounds are perhaps the most fascinating. 
It seems quite reasonable that an organic chemist should be 
sufficiently fascinated to survey the field of structural aromatic 
chemistry and to then compile this information in textual form. 

Dr. Badger notes in the preface of his book that “‘specialization 
has many dangers,’”’ and that often “it becomes more and more 
difficult to see the wood for the trees.’’ He seems to be an ex- 
cellent ““woodsman.” He is aware that the “trees’’ differ in size, 
variety, and individual significance within the “wood.” He also 
appears quite able to recognize each “‘tree’s’”’ current degree of 
maturity. Most readers will agree that he has written this 
volume in a remarkably dispassionate manner. 

The organization of the material follows a commendable peda- 
gogical pattern. In the major, individual sections the problem is 
stated first, then the experimental evidence, and finally the cur- 
rent, theoretical solution. Most of the book is descriptive, but 
many examples are given in certain sections to clarify the over-all 
picture. Ample references are made to the original literature. 

Because the title of the book may be misleading to some po- 
tential readers, it should be noted that the author has placed 
definite boundaries on his material. Certain “less important sub- 
stitution reactions” have not been included. Synthetic methods 
have been omitted, except for a few which involve direct sub- 
stitution or addition to an aromatic nucleus. Very few side 
reactions are discussed, and then usually to explain the effects 
produced by nuclear substituents or to indicate the nature of 
inductive and mesomeric effects. Much of the more recent work 
on tropolone and on the Friedel-Crafts reaction could not be in- 
cluded, unfortunately, because the reports were published after 
the author had completed the text. For the most part, references 
to the literature are not later than the middle of 1951. In essence, 
the book is mainly concerned with the apparent electronic struc- 
tures of the common, aromatic nuclei and the reactions which 
directly involve these aromatic nuclei. 

The problematical existence of the so-called aromatic ‘‘double”’ 
bond is treated quite aptly. The discussion of the structure of 
naphthalene relative to the evidence for a “double” bond at the 
1-2 position and a “single’”’ bond at the 2-3 position is exception- 
ally good. Students who read this book will surely be impressed 
by the manifold evidence for the present concept of the excep- 
tional electronic mobility of the so-called hybrid state of an aro- 
matic nucleus. Students will also appreciate the fact that the 
electrons in the hybrid may be localized, more or less, by the 
presence of another substance, and especially at the instant be- 
fore a chemical reaction. With this realization in mind, the 
thoughtful student should not be unduly confounded when he is 
told that both nucleophilic and electrophilic substitution on 
naphthalene occur most frequently at the 1-position. 


The chapter titles indicate, at least partially, the scope of the 
book: The Benzene Problem; Some Properties of Aromatic 
Compounds; Addition Reactions of Aromatic Compounds; 
The Aromatic “Double Bond’; The Effects of Substituents; 
Aromatic Substitution Reactions; The Diels-Alder Reaction; 
Photo-Oxidation and Photo-Dimerization; Absorption and 
Fluorescence Spectra of Aromatic Compounds; Optical Activity 
in Aromatic Compounds. 

Once in a while the text gives the impression that the author 
has attempted to compress a field too large into a space too small. 
For the most part, however, the author is quite successful in his 
rather courageous venture in writing such a book. There are a few 
occasional statements which, because of brevity, may be some- 
what misleading. One appears on page 250: ‘Benzene, chloro- 
benzene, toluene, and naphthalene . . . are not methylated under 
the same conditions but give the normal direct oxidation product.” 
The text appears to be almost entirely free of typographical errors. 

This book merits the attention of all teachers of organic 
chemistry. Advanced undergraduate and graduate students 
will find it extremely informative and lucid. The book will 
surely be an invaluable addition to every library. 


DONALD C. GREGG 
UNIveRsITy or VERMONT 
Bur.ineton, VERMONT 


* INTRODUCTION TO CHEMISTRY 


R. T. Sanderson, Professor of Inorganic Chemistry, State Uni- 
versity of Iowa. John Wiley & Sons, Inc., New York, 1954. x + 
542 pp. 6l figs. 24tables. 15 X 22cm. $5.50. 


Tue number of general-chemistry texts available increases 
yearly. Not only are most of the better-known texts appearing 
as revisions, but also an increasingly large number of first editions 
are on the market. 

The majority of recent texts are characterized by the inclusion 
of large amounts of fundamental material regarding nuclear, 
atomic, and molecular structure. Many of these texts also con- 
tain sections dealing with metallurgy, electrochemistry, organic 
chemistry, and the chemistry of macromolegules. In fact; they are 
compendia of the science, chemistry. Such texts are in most cases 
excellent for students who have had above-average training 
in secondary-school chemistry or are in a class screened by pre- 
requisites or placement tests. Such texts are also valuable as 
references during the students’ college careers. However, the 
vast amount and, in some cases, complexity of the subject matter 
in these texts often frustrates the students and makes a “tough” 
subject appear tougher. 

This text is not one of the aforementioned type. It is signifi- 
cant in its simplicity of style, completeness of fundamental mate- 
rial, and candor in omission of most of the material which 
probably would not be covered in the elementary course. The 
author’s avowed purpose was to write a text “... long on ex- 
planation and short on purely descriptive chemistry.’’ He 
states: ‘‘I see no reason why the lecture cannot be supplementary 
to the textbook rather than the textbook supplementary to the 
lectures. If the textbook contains only what the students should 
learn then they can study it at leisure and with confidence.” 
For those teachers who subscribe to such a philosophy, this text 
should prove to be a happy choice. 
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From the first chapter to the last this book is written in a 
readable style which should capture the attention of students 
and make them forget it is a text. 

Equations, which are extremely scarce in the first two hundred 
and fifty pages, are for the most part written inionic form. Clear 
line drawings and diagrams are liberally used to illustrate struc- 
tural formulas and reactions. 

A superficial examination of this text leaves one with the 
opinion that it is “too simple.”” A more thorough perusal of 
important topics dispells this attitude. The text should be 
satisfactory for science majors, although its greatest use will 
probably be found in the terminal course. 

The chapters dealing with metals, the chemistry of carbon 
and silicon, and nuclear changes and nuclear energy are so brief 
that they serve only to illustrate that such fields of chemistry 
are existent. One of the undesirable features of the text is the 
searcity of exercises at the end of chapters. Many chapters 
(e. g., Solubility and Solutions, Introduction to Chemical Equilib- 
rium and Ionic Equilibria) have no exercises or problems. 

The book is printed in large, clear type with adequate margins 
and spacing: on a dull finish paper. These are valuable features 
which reduce eyestrain. 


WILLIAM B. COOK 
Baytor UNIVERSITY 
Waco, Texas 


& TOBACCO DICTIONARY 


Edited by Raymond Jahn. The Philosophical Library, New 
York, 1954. xi +199 pp. LIIlustrated. 14.5 X 22cm. $5. 


Tuts compilation contains much to interest the dealer, grower, 
smoker, and idly curious person. Types of tobacco, cigar terms, 
slang expressions, pipe shapes, and personages associated with 
tobacco in one way or another are among the items included. 
The value of this work as a reference would be considerably en- 
hanced by a more critical treatment of the botanical status of 
tobacco and plants in general (it is never quite plain whether 
Nicotiana tabacum is considered a species or a variety), more 
complete references to insect pests and insecticides (and chemicals 
in general; ‘Urea. A chemical sold as Uramon. . .” is hardly an 
adequate description), and more illustrations. These are pri- 
marily matters of degree, however, as there seem to be few omis- 
sions in the terms listed. 


JOEL W. HEDGPETH 
Scripps INsTITUTION OF OCEANOGRAPHY 
La CALIFORNIA 


+ PROGRESS IN THE CHEMISTRY OF FATS AND OTHER 
LIPIDS. VOLUME 2 


Edited by R. T. Holman and W. O. Lundberg, University of 
Minnesota, and T. Malkin, University of Bristol. Academic Press, 
Inc., New York, 1954. 347 pp. Many figs. and tables. 16 24.5 
cm. $9.80. 


Tue present book is Volume 2 of a projected series of digests of 
recent advances in the chemistry and biology of lipid materials. 
It is anticipated that in the future new volumes will be published 
periodically, possibly yearly. There are seven chapters in this 
volume, each of which is essentially a monograph by a specialist 
in some specific area. 

The book was written neither for the beginning student of 
lipids nor for the casual reader, but rather for graduate students 
and research workers for whom it should prove to be a source of 
useful information and a basis for new ideas. The authors have 
attempted to present in detail highly technical material, con- 
troversial issues. which arise from different experimental tech- 
niques, and new methods or procedures. A complete survey of the 


JOURNAL OF CHEMICAL EDUCATION 


literature in each area is indicated by the extensive bibliography 
at the end of each chapter. References to articles published in 
1953 are included. 

In the first chapter, T. Malkin discusses polymorphism of 
glycerides. Following this is a monograph by R. T. Holman, 
entitled “‘Autoxidation of fats and related substances.” Chapter 
3 is a comprehensive survey by H. Deuel of the nutritional values 
of various fats. The surface properties of fatty acids and allied 
substances by D. G. Dervichian, and an interesting discussion 
by H. Schlenk entitled ‘Urea inclusion compounds of fatty 
acids,’’ comprise the next two chapters. Chapters 6 and 7 are 
concerned with methods for separating and identifying lipid 
materials. The use of infrared absorption spectroscopy by D. H. 
Wheeler and fractionation using countercurrent extraction are 
discussed in these two monographs. 

Stimulating discussions appear in each of these chapters. For 
example, the use of urea for fractionating mixtures of saturated 
and unsaturated fatty acids is treated in Chapter 5. A proposed 
mechanism for the development of oxidative rancidity in lipids, 
and the influence of dietary fat on the utilization of dietary pro- 
tein and carbohydrate in metabolism are presented in Chapters 
2 and 3, respectively. It is, of course, impossible to elaborate 
on alt the points of interest in each chapter but the discussions 
mentioned above indicate the wide use of the book for advanced 
students of lipid nutrition and chemistry. 


R. U. BYERRUM 
State CoLtece 
East LAnsinG, MICHIGAN 


* METHODEN DER ORGANISCHEN CHEMIE. BAND 
VU, TEIL 1: SAUERSTOFFVERBINDUNGEN II, 
ALDEHYDE 


Edited by Eugen Miiller, Tubingen. 
Stuttgart, Germany, 195 . xxiii + 556 pp. 
$19.50. 


PytTHacoras, the square-on-the-hypotenuse man of antiquity, 
is reported by Hermippus to have prepared a deep underground 
lodging and enjoined upon his mother to mark down every dot 
and tiddle which transpired, even to the very hour, and to drop 
the notes down to him. She did. Afterwards, he crawled out 
of ground, looking like a refugee from a morgue, and proceeded 
at once to the assembly, where he declared in a loud voice that he 
had been in Hades and had seen everything, and gave an accurate 
account of all that had happened. The assembly men were so 
dumbfounded that they regarded him as divine; they wept and 
wailed, some even going so far as to send their wives to him to 
learn his doctrines. Now this may be the “ingenious device’’ for 
which mathematicians are eternally seeking. We hope not. 
One thing is certain, however: this is not a good way to obtain 
current information, especially of aldehydes, since few mothers 
have any significant command of the subject and most chemists 
have no desire to sit in dark caves. A more reliable technique is 
to search the elegant and exhaustive ‘‘Methoden der organischen 
Chemie.” 

This great work is divided into two parts: the preparation of 
aldehydes and their reactions. The section dealing with the 
synthesis of aldehydes (400 pages) is very complete. It describes 
in detail methods for the direct introduction of the CHO group; 
the union of organic residues which contain aldehyde groups; 
techniques which involve oxidation of groups such as the methyl, 
primary alcohol, ether, etc.; conversion of certain heterocyclic 
nitro, and other substances into aldehydes; the transformation 
of acids and their derivatives into aldehydes; production of 
aldehydes by degradation reactions; and transformations of 
mixed aldehyde compounds with retention of the CHO group. 
Each of these subsections contains an excellent discussion of the 
general method and is illustrated with numerous specific labora- 
tory syntheses. The significant literature has been reviewed up 
to the latter part of 1953. Workers who are engaged in any phase 
of aldehyde chemistry will find this volume very helpful indeed. 


Georg Thieme Verlag, 
17 X 26.5 cm. 
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The second section of this work (100 pages) deals with the 
transformation of aldehydes into a great variety of derivatives 
that are of significant value in the identification, purification, 
replacement, or protection of the CHO group. The treatment 
of the subject is very systematic: examples of the reactions, prep- 
aration of reagents, splitting of the products, etc., are described in 
an unambiguous manner. The volume concludes with a short 
statement on the production of optically active aldehydes and 
isotopic modifications. The index refers to approximately 2500 
compounds, 

“Die Methoden der organischen Chemie” is truly one of the 
most significant reference works in organic chemistry that has ap- 
peared in recent years. 


GEORGE HOLMES RICHTER 
Tue Rice INstiTUTE 
Hovston, Texas 


€ ORGANIC PEROXIDES: THEIR CHEMISTRY, 
DECOMPOSITION, AND ROLE IN POLYMERIZATION 


Arthur V. Tobolsky, Princeton University, and Robert B. 
Mesrobian, Polymer Research Institute, Polytechnic Institute of 
Brooklyn. Interscience Publishers, Inc., New York, 1954. x + 
197 pp. 15 X 24cm. $85.75. 


OrGANIC peroxides, as sources of free radicals, play an impor- 
tant role in polymerization, oxidation, and halogenation reactions. 
The authors of this book, who have contributed a great deal of 
original research in this field, have filled an urgent need in com- 
piling all available information on this interesting class of com- 
pounds. 

The volume is divided into three parts, as indicated in the 
subtitle. Peroxide-induced polymerization is treated in great 
detail, and it is perhaps a pity that no similar exhaustive discus- 
sion of the other reactions induced by peroxides was included. 

A number of valuable tables are included, summarizing kinetic 
data on polymerization initiated by a variety of peroxides, 
physical constants of organic peroxides, conditions of their safe 
handling, and their commercial availability. 


HERBERT MORAWETZ 
PouyTEecunic INSTITUTE OF BROOKLYN 
Brooxtyn, New York 


ra AN ADVANCED TREATISE ON PHYSICAL CHEM- 
ISTRY. VOLUME 4: PHYSICO-CHEMICAL OP- 
TICS 


J. R. Partington, Emeritus Professor of Chemistry, University of 
London. Longmans, Green and Co., Inc., New York, 1953. 
xl + 688 pp. Illustrated. 16 X 25.5cm. $15.50. 


Tus book is the fourth volume of a well-known series. It 
is in the same style as the preceding volumes on “Fundamental 
Principles and the Properties of Gases,” “The Properties of 
Liquids,” and ‘The Properties of Solids,” and is in seven parts, 
as follows: A, the Refraction of Light (100 pages); B, The 
Polarization of Light (189 pages); C, Opticai Activity (101 
pages); D, The Electromagnetic Theory of Light (201 pages); 
E, Magnetic Rotation (40 pages); F, Piezoelectricity and Pyro- 
electricity (6 pages); and Appendix (39 pages). 

The treatment is encyclopedic on those subjects that are treated 
at all. The basis of selection must be appreciated to under- 
stand both the omissions and the usefulness of the book. The 
book is intended to fill certain gaps in an otherwise moderately 
well-equipped library. It does not discuss lenses, prisms, 


mirrors, and the like, which are adequately treated in the usual 
hooks on physical optics. Neither does it cover atomic spectra, 
which have have been covered in Volume 1 of this series, nor 
molecular and Raman spectra, which will be covered in Volume 


5. It is confined to visible light, although much of the treatment 
is more general. 

Dispersion may serve to illustrate the treatment. It is in- 
troduced and defined on page 3 in the six-page introductory sec- 
tion on refractive index, and appears implicitly throughout the 
subsequent discussions of refractivity and structure. It is then 
treated in detail historically, starting on page 78. There are 
eight pages and some 200 references on Dispersion Equations 
from Cauchy to Sellmeier, in which the development of the ideas 
and their embodiment in suitable equations are outlined. The 
dispersion equations of Sellmeier, Ketteler, and Helmholtz are 
then discussed in seven pages with some 150 more references. 
This treatment concludes with short discussions (five pages) of 
anomalous dispersion, some numerical dispersion results, and 
dispersion and chemical composition. 

Dispersion is again taken up under the electromagnetic theory 
of light, starting on page 513. Twenty-five pages (in two sep- 
arate sections) and some 400 references complete the treatment. 
The discussion of results of the modern quantum theory of dis- 
persion is limited to a little more than a page, introduced by the 
statement, “It [this theory] is mathematically too difficult to 
allow of adequate treatment here.” 

This treatment of dispersion, with its virtues and its de- 
fects, is typical. The 189 pages on The Polarization of Light 
include four on polarizing apparatus, and at the end of these four 
is one paragraph on Polaroid, concluding with the sentence, 
“It is supposed that the eye of a bee detects polarized light, 
which guides the insect in flight.” The treatment of light- 
scattering by particles small compared to the wave length is 
satisfactorily complete, but that of scattering by larger particles, 
on which so much research is now going on, is inadequate. 
Throughout the book in general the interrelations among the 
earlier theories, their successes and failures, the reasons for and 
the results of particular postulates are all clearly displayed, but 
the viewpoint is that of some years ago. 

Such a treatment is interesting and valuable for many classes 
of readers, but not for all who might expect to find help. The 
student who has occasion to read the early papers or who en- 
counters an unfamiliar equation in such compilations as the 
“International Critical Tables” will find background and ex- 
planation. The scholar concerned with the history of ideas and 
techniques in theoretical physics will find a clear outline of this 
history for the topics covered. The experimentalist who merely 
wishes to select an appropriate equation for use as a laboratory 
tool may become lost in the details, but enough critical comments 
are included to guide his decision if he persists. The person 
who is concerned with research on such a subject as dispersion 
itself, however, will receive relatively little help, for the discus- 
sion does not adequately cover those present-day problems on 
which research is now proceeding. 


CARSTEN STEFFENS 
Sranrorp RESEARCH INSTITUTE 
STanForp, CALIFORNIA 


* CATALYSIS. VOLUME I: FUNDAMENTAL 
PRINCIPLES, PART I 


Edited by Paul H. Emmett. Reinhold Publishing Corp., New 
York, 1954. vi + 394 pp. 


15.5 X 23.5 cm. Illustrated. $10. 


Tuis text is the first of a series dealing comprehensively with 
catalysis and is edited by Paul H. Emmett, who is widely known 
for his researches and contributions in the catalytic field. He has 
written a chapter on methods of measurement of the surface area 
of solid catalysts and other solids in which various methods and 
their applications are presented and critically discussed. The 
chapter on physical adsorption, which is written by Herman FE. 
Ries, Jr., deals briefly with the classical work and also with the 
more recent developments in this field. Three chapters, compris- 
ing nearly half of the book, are written by Keith J. Laidler. 
In his first chapter, experimental evidence, mechanisms, and 
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theories for chemisorption are presented. His second chapter is 
devoted to a very complete presentation of the kinetic laws in 
surface catalysis, including a discussion of numerous specific 
reactions. In these two chapters considerable data are presented 
in table form. In his last chapter the theory of absolute rates of 
surface reactions is developed and compared with experiment in 
several instances. Catalyst carriers, promoters, accelerators, 
poisons, and inhibitors are discussed in Chapter 6, by W. B. 
Innes, with the aid of several cuts and the liberal use of tables. 
In the following chapter F. G. Ciapetta and C. J. Plank discuss 
techniques of preparation for important metal and compound 
catalysts. The last chapter, which is devoted to the increasingly 
important subject of magnetism and catalysis, is written by P. W. 
Selwood, who deals briefly with theories of magnetism, applica- 
tions of magnetism to catalysis, and some experimental methods. 
The book is well printed, contains a very ¢omplete set of refer- 
ences to the literature, has author and subject indexes, and has 
very few typographical errors. The editor and the contributing 
authors have cooperated most effectively to make the present 
volume an outstanding contribution to the field of heterogeneous 
catalysis. This text is a book which everyone having an interest 
in catalysis will want to own. Because of the uniform excellence 
of this first volume, the remaining volumes in this series will be 
awaited with keen interest. 


Brown UNIVERSITY W. W. RUSSELL 


ProvipENcE, 


REFRACTORY HARD METALS 


Paul Schwarzkopf and Richard Kieffer, in collaboration with 
Werner Leszynski and Fritz Benesovsky. The Macmillan 
Company, New York, 1953. xi+447pp. l00tables. 97 figs. 
16 X 24cm. $10. 


IN RECENT years, metallurgical workers have developed research 
in two independent regions of temperature. One searches the 
region of low temperatures, the approach to absolute zero, and 
minimum energy levels of materials. Because of its association 
with modern theoretical physics, this investigation has been 
widely publicized and its results considered particularly dramatic. 
The other area of research is that of high temperatures. Be- 
cause of the inherent difficulties in handling and testing of materi- 
als at high temperatures, dramatic results have not been as forth- 
coming as from the probe into the cold. None the less, there is a 
continually increasing demand for materials to be used in high 
temperature applications. In response to this demand, Drs. 
Paul Schwarzkopf and Richard Kieffer have collaborated with 
Drs. Werner Leszynski and Fritz Benesovsky to make available 
to the English-reading scientific world, “Refractory Hard 
Metals.” 

In this book the authors offer a summary of an extensive review 
of the literature on the materials constituting the class of refrac- 
tory hard metals. The hard metals discussed are limited by the 
authors to the carbides, nitrides, borides, and silicides of the ele- 
ments in the fourth through the sixth transition groups and the 
actinide series. ‘The review and summary have been restricted 
to an unevaluated presentation of reported information on the 
structure, preparation, and properties of the above class of ma- 
terials. The authors cover about 2000 references and have 
organized the subject matter in a form that will be valuable to the 
investigators looking for specific information or sources of infor- 
mation on these materials. The information is presented by 
chemical grouping and subgrouping of nonmetallic and metallic 
constituents, respectively. The discussions of structure, prepara- 
tion, and properties are presented under each member of a sub- 
group. The authors have presented the data of the investiga- 
tors. It is to be regretted that the authors, with their wealth of 
experience in this field, did not see fit to evaluate the variant 
views. Itis especially to be regretted that even when the authors 
are reporting their own variant information, no explanatory com- 
ments are provided. 


JOURNAL OF CHEMICAL EDUCATION 


A serious shortcoming of the survey is the absence of any con- 
sideration of testing methods and techniques. Testing of more 
common materials for routine applications has become standard- 
ized. Testing of these uncommon materials fabricated for utili- 
zation in frontier applications is by no means standardized or well 
known. As a matter of fact, the absence of satisfactory test 
methods is a significant handicap to the more rapid development 
and expanded utilization of these materials. Surely a discussion 
of current testing techniques, their limits and reliability should be 
included in a revised edition of this review. 

: B. BOVARNICK 

BRIGHTON, MASSACHUSETTS 


e BIOLOGICAL EFFECTS OF EXTERNAL RADIATION 


Edited by Henry A. Blair, University of Rochester School of 
Medicine and Dentistry. McGraw-Hill Book Co., Inc., New York, 
1954. xvii + 508 pp. IMlustrated. 16 23.5 cm. $7. 


By FORTUNATE coincidence or perhaps intent, this volume on 
“Biological Effects of External Radiation’’ has been released by 
the publisher almost concurrently with Volume 22B of Division 
IV of the National Nuclear Energy Series entitled ‘Biological 
Effects of External X and Gamma Radiation.’’ Both volumes 
cover much of the same field but the presentations of the mate- 
rial, methods, and techniques are sufficiently different to be re- 
freshing and make interesting comparative reading. 

This book, like many in the National Nuclear Energy Series, 
loses some of its effectiveness by its late appearance and by the 
fact that all of the work reported in it was completed by 1947. 
In spite of this tardiness, which tends to relegate the book to the 
realm of historical reference, it is so well organized and edited 
that it is highly worth while reading. 

There are two outstanding chapters on an aspect of the effect 
of external radiation which has received scanty attention pre- 
viously. These chapters present some very interesting findings 
on changes in “finger ridge’’ detail following radiation to the fin- 
gers, such as might be encountered in fluoroscope operators, den- 
tal X-ray technicians, etc. The chapter covering the cross- 
circulation experiments by Lawrence and Valentine is well pre- 
sented, excellently documented, and well worth reading. The idea 
of dividing the book into three parts is good, and makes for easier 
understanding of the material presented. The first part covers 
the methodology as well as growth, pathological, and hemato- 
logical studies performed after single doses of whole-body radiation, 
the second part covers similar studies after chronic radiation, 
while the third part is given over to methodology and pathologi- 
cal studies following fractionated doses of fast neutrons. The 
third part of the book is primarily of interest because of its his- 
torical reference value. The work described in this part is among 
the earliest biological studies in this field, when methods of 
measurement were poor and standards of comparison were 
lacking, so that its value as an active reference is questionable. 
For a person interested in basic methods of biological study in the 
field of radiobiology, this book is highly recommended. 


FRED A. BRYAN 
UNIVERSITY OF CALIFORNIA 
Los ANGELES, CALIFORNIA 


e MONOMERIC ACRYLIC ESTERS 


E. H. Riddle, Rohm & Haas Company, Philadelphia. Reinhold 
Publishing Corp., New York, 1954. vii + 221 pp. 35 tables. 
16 X 23.5cm. $5. 


A TECHNICAL monograph on a subject which the author ob- 
viously knows something about. He should, being a prominent 
member of the staff of one of the principal manufacturers of 
methacrylates, Rohm and Haas Company. 


56 
Vi 
in¢ 
ust 
an 
vic 
fev 
ing 
18 
ete 
| 
Q 
dal 
re 
P 
fro 
ap] 
Th 
10 
+( 
Th 
‘YE 
anc 
det 
] 
JC 
Avi 
Ne 
Nin 
duc 
unt 
ope 
ran 
ete. 
squ 
var 
(a 
© 
jaw 
tact 
re 
T 
silic 
ness 
Am 
thu 
scre’ 
4 
Justi 
Pi 
e 


ahold 
bles. 


r ob- 
inent 
rs of 


of the 


Viscosimeter Bath 


F The Sargent S-67428 Viscosimeter bath 
incorporates the Model SV Thermonitor 
for detecting and controlling the tempera- 
ture of the bath. It is recommended for 
use with Ostwald viscosimeters in accord- 
ance with ASTM method D-445 and pro- 
vides reliable temperature control from a 
few degrees above temperature of the cool- 
ing coil to 212° F. The use of the 
S-67429 bath, employing an extra deep jar 
is recommended if Ubbelohde viscosim- 


from Mr. Paul D. Grindle of the Ealing 
Corp., Box 51 Stuyvesant Station, New 
York 9, N. Y. 


Improved Demonstration of the 
Cartesian Diver 


Ernst M. Goldstein, of Elizabeth, New 
Jersey, sends us this item. 

The principle of the unchanged trans- 
mission of pressure by liquids confined 
within a given volume, the principle of 
Archimedes, and the compressibility of 
gases are often illustrated on the lecture 


table by the Cartesian diver. A bottle 
is filled with water and after inserting the 
balanced floats it is covered with a rubber 
diaphragm which is tightened with string. 
Assembling or disassembling of this de- 
vice is tedious and often the seal of the 
bottle is not tight. A better way to 
demonstrate the Cartesian diver, allow- 
ing also more and finer pressure regulation, 
is the following: A wide-mouth bottle is 
filled with water, and the floats, which 
can be also overbalanced, put in. The 
bottle is closed with a rubber stopper 
having a hole in the center. In this hole 
is now inserted a snugly fitting plug of a 
stopcock. By lifting or pressing down the 
rubber stopper a considerable change in 
pressure in the bottle can be accom- 
plished, resulting eventually in a suitable 
balancing of the floats. The plug is 
moved up or down for finer pressure 
changes, to let the now balanced floats 
godownorup. These floats are usually in 
the form of ‘‘divers’’ or “‘devils.”’ 

As it is interesting to observe the in- 


eters are employed. 


The design of the bath is based on the 
Sargent patented control turret system and 
produces an accuracy of regulation to ap- 
proximately +0.02°F. A red light on the 
front panel indicates when heat is being 
applied to the bath. The regulating 
Thermonitor has a working range of 0 to 
100°C. and an operating sensitivity of 
+0.01°C. The detector is the Sargent 
Thermistor Assembly No. S8-82075, a bead 
type thermistor completely sealed in glass — 
and installed in a shielded metal case with 
detachable cable connector. 

For complete information write to Dept. 
JCE, E. H. Sargent & Co., 4647 W. Foster 
Avenue, Chicago 30, Illinois. 


New Universal Clamp 


A new type clamp, known as the 
Nivoe ‘Universal,”’ is now being intro- 
duced by the Ealing Corporation. The 
unique device, equipped with an easily 
operated thumb-wheel, features a gripping 
range from 0 to 4 inches so that one size 
clamp can hold fine wire, thermometers 
etc., or larger items such as an 800 ml. 
squat beaker, with equal ease. Its pur- 
pose, obviously, is to reduce stocking of 
various sized clamps. } 


contact your 


‘Furniture 


Double-V jaws facing a curved clamping 
jaw are provided to give a five-point con- 
tact for security and adaptability to ir- 
regularly shaped objects. 

The clamp itself is die cast of aluminum- 
silicon alloy to combine strength, light- 
ness of weight, and resistance to corrosion. 
A mating Nivoc Clamp Holder, also mak- 
ing its bow at this time, is constructed of Pr 
the same alloy and operates with a single Sd 
thumbscrew. Loosening of the thumb- 
screw permits horizontal and vertical ad- 
justment at the same time. 

Further particulars may be obtained 


or 
write direct 
to 


Please mention CHEMICAL EDUCATION when writing to advertisers 


U. S. STONEWARE CO. 


Gone the drab brown of chemical stone- 
ware with its rough salt-glazed surface— 


Today’s laboratory sink in gray-glazed 
cast chemical porcelain is as strikingly 
attractive in appearance as it is efficient 

in use. The smooth glazed surfaces clean as 
easily as a porcelain wash bowl. The inside 
corners are rounded smooth, no rough projec- 
tions, no welded seams . . . correctly sloped for 
complete drainage. 


Stronger by far than chemical stoneware, more 
resistant to chemicals, completely non-absorbent 
(even without glazing), these new gray-glazed 
chemical porcelain sinks match today’s modern 
lab in both appearance and durability. 


317-D 


AKRON 9, OHIO 
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Books 


Longmans, Green and Tue. 


55 FIFTH AVENUE NEW YORK 3.N. Y. 


CHEMICAL THERMODYNAMICS 


By I. Prigogine and R. Defay, both of the University of 
Brussels. Translated by D. H. Everett, University of 
Bristol], from the Second Edition (1950) revised in col- 
laboration with the authors. Covers methods developed 
by the Brussels school of de Donder, based on the work 
of Gibbs. (The first of three volumes of the set, Treatise 
on Thermodynamics; the second and third volumes are 
in preparation.) Published Dec. 15, 1954. 543 pages. 
by 9% in. 152 figures. 40 tables. $12.50. 


ADVANCED TREATISE 
ON PHYSICAL CHEMISTRY 


By J. R. Partington, formerly of the University of 
London. In five volumes; 6% by 10 in. 
I. General Properties of Matter and of Gases. 1949. 
943 pages. $16.50. 

II. Properties of Liquids. 1951. 448 pages. $10.00. 
III. Properties of Solids. 1952. 639 pages. $14.00. 
IV. Physico-Chemical Optics. 1953. 688 pages. 

$15.50. 


V. Molecular Spectra and Structure, Properties of 
Dielectrics, Dipole Moments. To be published 
Jan. 12,1955. 630 pages. $15.50. 


THE SCIENTIFIC REVOLUTION, 
1500-1800 


By A. R. Hall, Cambridge University. A study of the 
formation of the modern scientific attitude and method: 
science in 1500, new currents, the attack on tradition 
in mechanics and astronomy, experiment in biology, 
the organization of scientific inquiry in the 1600’s, tech- 
nical factors, the Principate of Newton, descriptive 
biology and systematics, the origins of chemistry, and 
experimental physics in the 1700’s. Published Dec. 8, 
1954. 390 pages. 6% by 9 in. Frontispiece. $3.50. 
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. . . for Karl Fischer MOISTURES | 
bs 

Re 

At $210.70 complete, oi 
the new WACO for Karl be 
Fischer moisture determi- tu 
nations now features 
NO-DRIP, BALL JOINT 
Pyrex glassware . . . plus 


Drain Flask, WACO 
magnetic stirrer . . . for 
every application! Hun- 
dreds of users of the origi- 
nal WACO may also 
modernize as parts are 
INTERCHANGEABLE! 


(No. JC-5653A) New 
WACO reservoir with 
Ball Joint! Capillary 
outlet and silk finish 
grinding provide posi- 
tive NO-DRIP feature! 
Amberized tinish 
avoids deterioration 
of Fischer Reagent. 


(No. JC-5651L and JC-5651R) When preliminary 
extraction is not required, use TWO bent tip bur- 
ettes, one for Water Methanol and other for 
Fischer Reagent, also, when standardizing reagents 
and for DIRECT titration. 


(No. JC-5658) NEW WACO Drain Flask has a stoppered 
opening for introducing new samples. New sample is 
added through the side opening and procedure re- 
peated, WITHOUT AGAIN titrating to end point. Drain 
through lower stop cock. 


(No. JC-5660) Small WACO Magnetic Stirrer used in- 
stead of the motor and stirring rod. Particulcrly 
convenient when using the Drain Flask set-up. May 
be ordered separately for your present assembly. 


WRITE FOR new WACO Titrator bulletin JC-1 and new ov 
Directions, based on the latest technics! o | 


WILKENS ANDERSON CO. 


4525 W DIVISION ST + CHICAGO 51 e ILLINOIS 
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flow of water into the floats when the 
pressure is increased (or outflow of water 
when the pressure is decreased) ’ these 
forms are not very suitable for observing 
the phenomenon. The devils are made 
of dark colored glass and are therefore not 
transparent. The divers are filled up to 
the broad hips with water, so that small 
changes in the water level can hardly be 
seen. Transparent devils or slender divers 
should be used. 


Rechargeable Demineralizer 


Labline, Inc. has just announced their 
new Ion-Mizer which features a cabinet 
type demineralizer with a rechargeable 
resin ion exchanger in self-contained re- 
turnable plastic cells. The unit connects 
directly to the city water line and is said 
to produce water meeting U. 8S. P. require- 
ments for purified water at an approximate 
cost of three cents per gallon. Capacity up 
to 200 gallons per hour. Specific conduc- 
tivity 3 million ohms. 


The Ion-Mizer is supplied with two sizes 
of rechargeable cells, 6000 or 12,000 grains 
each, equivalent to 1200 or 2400 gallons of 
five grain water. The demineralizer has 
a built-in signal light showing when re- 
charging is necessary; cells are then re- 
turned to Labline for recharging at nomi- 
nal cost. Complete specifications and de- 
tails are available in Bulletin No. 6M from 
Labline, Inc., 217 N. Desplaines Street, 
Chicago 6, Illinois. 


Needle Valve Burets 
With the introduction of the Emil 


TRANSMISSION DENSITOMETER 
of High Sensitivity and Stability for 
QUANTITATIVE PAPER CHROMATOGRAPHY 


combines the Welch DENSICHION with Transmission Light Source 
® 


PATENT NO. 2624933 


No. 3835B 


source with a filter paper guide for holding and advancing the 
with the Densichron b becomes a complex transmission densitometer 


The special Welch Transmission | 
am at 3mm increments, when us 


titati; chromatogra Th titative ds such as PROTEINS, 
SUGARS VITAMINS, etc, ct ae ified Gy sending maximum densities of papergrams with the 
DENSICHIRON. 


This new apparatus and procedure will speed up your work and permit the analysis of very small samples. 
Works equally well for quantitative paper electrophoresis. 

Write for literature describing the production of aeupeeees use of the Densichron for quanti- 
tative determination by the maximum density method 


W. M. WELCH SCIENTIFIC COMPANY 
DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
FSTABLISHED 1880———— 
1515 Sedgwick Street, Dept. D-1 Chicago 10, Illinois, U. S. A. 
Manufacturers of Scientific Instruments and Laboratory Apparatus 


© Distillation 

© Evaporation 

© Extraction 

© Fractional Distillation 
© Freezing Point App. 
© Grignard Preparations 
© Melting Point App. 

© Reflux Apparatus 

© Separation 

© Steam Distillation 

© Vacuum Distillation 
© Vacuum Filtration 


“QUICKFIT” SEMI- MICRO 


ORGANIC PREPARATION APPARATUS 


A Complete Organic Lab in Miniature 


Over 60 “Quickfit” interchangeable components incorpcrating “Quickfit” ground glass joints 
are mounted on both sides of a stand 28” long by 8” wide by 16” high, weighing only 14 
pounds. All common organic techniques as listed above can be performed and the complete 
apparatus is easily portable. The various condensers are connected in series, the water inlet 
and outlet tor the entire unit being located at the foot of the end panel. 


#11955 “Quickfit” Semi-Micro Organic Set, complete with glassware, stand, and 3 standard 
taper thermometers —10 to 110°C, 0-250°C, 0-360°C................ $156.00 


ROCHESTER SCIENTIFIC COMPANY 


38 Scio Street P.O. Box 163 
Rochester 1, New York Baker 0698 
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Save breakage dollars with this 


Polyethylene Laboratory Ware 


6125T—BOTTLES, Dropping. Neoprene bulb 
does not contact bottle contents. Pipette revers- 
ible to act as spout. ' 
Size, oz. . 1 2 4 8 
Price each 


17120T—JARS, Pipette. Resiliency reduces pi- 
pette damage. Lightweight, easy to handle 
even when wet. 


Size D, 6¥2” x 13.25 each 


21005T—PAIL WITH COVER. Lightweight, rein- 
forced construction with tight-fitting cover. Handle 
attached to outside of pail. 


’ 6028T—BOTTLES, Aspirator. Single-piece, with 


leakproof, troubleproof cock and %4” needle- 
type valve. Unlike glass, does not affect pH of 
distilled water. 


14150T—FUNNELS, with reinforced rim. 


Dia., 
inches 12 2% 3% 4% 5% 6% 8 
Price 
each .24 .42 .72 1.08 1.50 1.80 2.88 


Per 
doz. 2.40 4.20 7.20 10.80 15.00 18.00 28.80 


2070T—SYPHON. To prime merely squeeze 
bottle. 10.00 


Standard and heavy wall beakers, narrow mouth bottles with 
polyethylene screw caps, graduated cylinders, washing bottles, 
centrifuge tubes, tubing, wide mouth jars, and pipette jar racks 
also available. Complete brochure and list of common reagents 
and how they affect polyethylene at 70°F and 140°F are yours 
for the asking. Prompt delivery from your nearest WILL office- 


warehouse listed below. 


Wil 


and subsidiaries . 


CORPORATION 


Specialists in @ Scientific Supply 
ROCHESTER 3, N.Y. * ATLANTA 1, GA. NEW YORK 12, N.Y. BALTIMORE 24, MD. + BUFFALO 5, N.Y. 
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Greiner Co. Needle Valve Burets in all 
sizes from macro to micro, it is now pos- 
sible’to control liquids for very fine micro 
measurements. These new instruments, 
now available in a great range of sizes, per- 
form titrations without the annoyance of 
stopcock adjustments, 

For complete range of sizes and price 
list write The Emil Greiner Co., 20-26 N. 
Moore St., New York 13, New York. 


Electronic Relay Control Box 


Precision Scientific Company has rede- 
signed its Electronic Relay Control Box to 
provide a better means of handling sub- 
stantial power loads with very minute 
currents over the contacts of regulating 
devices. 

The redesigned Control Box features: 
high sensitivity—response is assured with 
a current of as low as 2 micro-amperes; a 
large power load—up to 15 amperes; four 
plug-in receptacles—one for continuous 
power, two for intermittent power, and one 
for a regulating device; operation on line 
current of 115/230 volts, 50/60 cycles. 
normally open or normally closed. Pre- 
cision Scientific Company, 3737 W. Cort- 
land Street, Chicago 47, Illinois. 


New Literature 


@ Coleman Instruments, Inec., Dept. 
JCE, Maywood, Illinois, has available an 
excellent new catalog ‘‘Tools for Science”’ 
in which the characteristics and merits are 
given fortheir Spectrophotometer, Photom- 
eter, Colorimeter, Photo-Nephelometer, 
Nepho-Colorimeter, pH Electrometers and 
Autotrator. For clarification and easy 
reference the instrument descriptions are 
grouped in accordance with the analytical 
systems to which they are applied. More 
important, brief discussions of the prin- 
ciples underlying each of the analytical 
systems is given as well as a good bibliog- 
raphy of more complete information 
sources. 

@ A storage cabinet for keeping glass tub- 
ing clean, dust-free, and accessible has just 
been developed by the Bethlehem Appara- 
tus Company, Inc., Hellertown, Pennsyl- 
vania. They will gladly furnish informa- 
tion on this piece of apparatus, ask for 
folder SC-54. 

@ The Nalge Co., 625 Goodman Street, 
Rochester 20, New York, has a very com- 
prehensive polyethylene catalog, A954, 
available on request. 

@ A new eight page brochure issued by 
Drage Products, Inc., 406 32nd Street, 
Union City, New Jersey illustrates the 
application of a new Swiss-made Vis- 
cometer to both laboratory and in-plant 
process and quality control. 

Models ‘‘Viscostructure” and ‘Visco- 
temp”’ are claimed by the maker as being 
designed not only to give specific values 
for Rheological characteristics such as 
thixotropy, dilatancy and yield value but 
of far greater importance, it is specifically 
designed to accurately detect the relation- 
ship of time and temperature to these 
flow-properties, which are directly re- 
sponsible for quality. 

These instruments operate under ex- 
tremes of pressure and temperature at 
shear rates up to 600 sec™!. Shear rates 


(Continued on page 40) 
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Kodak reports to laboratories on: 


a disazostilbeneaminodisulfonate for precision titrimetry ...telling your story 
without jump or jerk...a new material for the base of our business 


Waterman's find 


This is how come 4,4’-Bis(2-amino- 
J-naphthylazo)-2,2'-stilbenedisulfonic 
Acid Disodium Salt became Eastman 
Organic Chemical No. 7000. 

We had run across several papers 
by.a chemist in the water supply de- 
partment of a large city who was 
bothered by the shortcomings of a 
certain tool of his trade, namely the 
indicator methyl orange. This has a 
rather weak color change which oc- 
curs perceptibly only at pH 4.6 and 
is therefore no good for alkalinities 
below 150 ppm in acid-carbonate 
titration. In the interests of pre- 
cision titrimetry, he had felt, it is 
better to have a pH indicator change 
from a light color to a dark color 
as an end-point is reached, instead 
of the other way around. In the 
disazostilbeneaminodisulfonates he 
found what he was looking for. A 
number of dyes of this series gave 
useful color responses in the broad 
PH range between 8 and 4. Among 
the several dyes investigated in this 
class was an obscure item known to 
dye men as Hessian Purple N Extra, 
or more simply, Direct Purple. 

Whether he tried to buy it out of 
a dye catalog and failed, he doesn’t 
say. At any rate, he made some by 
tetraazotizing 4,4’-Diaminostilbene- 
2,2’-disulfonic Acid (Eastman 
T 4613) and coupling with 2-Naph- 
thylamine (Eastman 174) to get his 
indicator: 


SO.H HSO, 


This starts from a deep red, shows 


a first transition at pH 4.0 to a faint 
mauve, turns emphatically purple at 
pH 3.8—a long sight more emphati- 
cally than methyl orange ever did— 
and finally goes over to a bluish 
purple at pH 3.0. Such behavior is 
reported a lot more useful for the 
acid titration of sodium carbonate 
than even that of our Methyl Orange- 
Xylene Cyanole Solution (Eastman 


A 2216), which was developed back 
in 1922. We saw our duty clearly 
before us to spare analysts from 
doing their own tetraazotizing and 
coupling. Thus Eastman 7000. It’s 
used as a 0.1 % solution. 

Is Eastman 7000 of special impor- 
tance to us? No more so than the rest of 
the some 3500 organic chemicals we 
stock. They're all cataloged in our List 
No. 39 which you may have by writing 
to Distillation Products Industries, East- 
man Organic Chemicals Department, 
Rochester 3, N. Y. (Division of Eastman 
Kodak Company). 


Talking with film 


There is a man in your trading area 
who calls himself an audio-visual 
dealer. This mid-20th-century addi- 
tion to the roster of trades is a mer- 
chant of various devices for capti- 
vating a captive audience into grant- 
ing access for your message to their 
minds through their eyes and ears. 
Assuming you have a message— 
most successful people nowadays 
have one—we point here to a new 


and advanced example of one of the 
basic devices which your audio-vis- 
ual man has for conveying it, the 
Kodaslide Signet 500 Projector, Film- 
strip Model. 

First we ask you to grant that the 
smoother the mechanical aspects of 
your presentation, the less likely it 
is to distract your audience from 
your subject matter. Therefore we 
have proceeded on the assumption 
that the pictures should follow each 
other instantaneously, quietly, posi- 
tively, without jumping, without 
jerking. Instead of holding a lot of 
engineering conferences on how to 
accomplish this without resorting to 
a costly Geneva movement, we went 
ahead and actually used the Geneva 
movement and then made the engi- 
neers figure out how they could still 
keep the selling price down to $98. 

And, since the customers were to 
be asked to lay their dough out fora 
projector, not just a Geneva move- 


This is one of a series of reports on the many products 
and services with which the Eastman Kodak Company and 
its divisions are... serving laboratories everywhere 


Please mention CHEMICAL EDUCATION when writing to advertisers 


ment, we had to insist on 1) sufficient 
brilliance and evenness of illumina- 
tion to dispense with room darken- 
ing in most cases; 2) safeguarding 
the filmstrip by automatic separa- 
tion of the glass pressure plates be- 
fore it can move; 3) fast setup by 
virtue of drop-in loading for imme- 
diate sprocket engagement, a quick 
framing lever, and a quick rewind 
device; 4) cool operation of a 500-w 
lamp with little or no blower noise 
and no danger of burning a hole in 
the film; 5) automatic leveling capa- 
ble of compensating for unevenness 
of support. 

All this they did, our engineers, 
muttering all the while that sales 
people are unreasonable; for they 
knew all along that not only were 
they expected to come up with a 
world-beater of a filmstrip machine 
but also that the $98 package had to 
include a mechanism that the user 
could easily insert when he had 
Kodachrome slides to show! 

To have the audio-visual man show 
you how weil they fulfilled the assign- 
ment, drop a line to Eastman Kodak 
Company, Department 8-AV, Rochester 
4, N. Y. As for how you prepare the film- 
strips in the first place, you can ask in 
your note for a little pamphlet of helpful 
hints we call “Making Filmstrips With 
Amateur Equipment.” 


P(olystyrene) B(ase) 
The first Kodak film on a base other 
than cellulose ester is now on regu- 
lar sale. 

Kodalith Ortho PB Film has a 
.005” base of extruded polystyrene. 
This material is optically clear and 
as free from visible blemishes as 
cellulose ester film had become 
about the time of the Harding ad- 
ministration. What justifies using 
this material is the fact that when a 
pelloid is coated on one side and a 
photographic emulsion on the other, 
and then you expose it and put 
it through everything film goes 
through in processing, drying, and 
storage, you find it is about three 
times as dimensionally stable as 
cellulose ester film. Furthermore, 
what little dimensional change has 
occurred is the same in all directions. 

Anybody who has been looking for a 
high-contrast film that probably won't 
change dimension by more than 0.02% 
for a 10% change in relative humidity is 
invited to purchase a box of Koda- 
lith Ortho PB Film from his 
Kodak Graphic Arts Dealer. 


Price quoted is subject to 
change without notice. 
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. for more efficiency, more economy... 


NALGENE* TRAP-SINK DRAIN 


Black Polyethylene which will not break or 
dent; completely resistant to laboratory 
chemicals and corrosives; unaffected by the 
hottest water. Unit consists of trap, outlet 
union, strainer, lock-nut, stopper and stand- 
up pipe. May be connected either to threaded 
parts or to unthreaded pipe through a special 
flexible joint not shown here. Simple to re- 
move, clean, and assemble without tools. 


NO. 1288 COMPLETE UNIT without stand-up pipe $25.50 each 
NO 1288A STAND-UP PIPE FOR ABOVE, 7” TALL . $ 2.85 each 


NEW! NALGENE* POLY-SYPHON 


Constructed completely of Polyethylene; chemi- 
cal-resistant, safe, simple to use . . . merely insert 
one end in carboy or drum, squeeze flexible bulb 
to prime, then open spigot to dispense liquid in 
any quantity desired. Spigot is the well-proven 
Nalge No. 1292, 44” needle with sufficient tubing 
for use with 55 gallon drum. Trimming tubing 
to desired length fits it to smaller units. 


NO. 1294 NALGENE* POLY-SYPHON 


NALGENE* CENTRIFUGE TUBES 


NEW 100 ML SIZE 
NEW LOW PRICES 


*NALGENE is the trademark for NALGE 
POLYETHYLENE-WARE 


Write for 
NALGENE 
Catalog No. A954 


NEW! 5 GAL. SIZE NALGENE* CARBOY 


The new 5 Gal. size is added by popular de- 
mand to our regular line of 2, 644, and 13 Gal. 
Nalgene* Polyethylene Carboys. All are blow- 
molded in single piece; light, unbreakable, 
chemical-resistant, and fitted with our standard 
83mm screw cap. New 5 Gal. size available also 
in aspirator type fitted with the well-known 44” 
needle type Nalgene* Polyethylene spigot. 


1204-1 5 Gal. NALGENE* POLYETHYLENE CARBOY . .$12.75 each 
1208 ASPIRATOR TYPE WITH V2” SPIGOT ......... $28.00 each 


NO. 1210 NALGENE 
CENTRIFUGE TUBES 


15 ML capacity, conical type .30 
each.; 50 ML capacity, round 
bottom .40 ea.; 100 ML capacity, 
round bottom 1.10 ea. 
DISCOUNTS: Package lots of 36 
of a kind, less 10%. Lots of 144 
assorted but not less than 36 
of a kind, less 15%. 


Nalgene* Centrifuge tubes are automatic- 
machine molded from high molecular weight 
polyethylene; clean, resilient, acid and alkali 
resistant and completely guaranteed to with- 
stand the greatest centrifugal force currently 
employed. Ever-increasing demand permits 
these new low prices. 


™ NALGE C0., Inc. 


Rochester 2, New York 
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(Continued from page 38) 
petroleum and its products, such as 
gravity, color, viscosity, distillation range, 
vapor pressure, gum content, sulfur, car- 
bon residue, flash point, water and sedi- 
ment, melting point, cloud and pour 
points, and consistency. 

@ The latest information on properties 
and applications of Bakelite vinyl] butyral 
resins is compiled in a new technical 
booklet issued by Bakelite Company. 
Widely known for their part in making 
safety glass possible, these resins are grow- 
ing rapidly in use as wash primers or 
metal conditioners, wood and metal 
finishes, adhesives and cloth coatings. 
Numerous graphs and tables based on re- 
cent laboratory data are included in the 
27-page booklet. Five basic types of 
wash primer, or metal conditioner, are 
described in detail. Copies of this book- 
let, ‘Bakelite Vinyl Butyral Resins, 
Technical Release No. 11,’”’ can be ob- 
*tained from Bakelite Company, a Division 
of Union Carbide and Carbon Corporation, 
30 East 42nd Street, New York 17, N. Y. 
@ For the benefit of young people plan- 
ning careers, America’s fifth largest in- 
dustry is described and job-classified in 
““A Guide to Career Opportunities in the 
Paper Industry,’’ an 80-page monograph. 
Paper’s vital role in the American 
economy is discussed in Part I, with 
particular emphasis on the opportunities 
for young people who will be tomorrow’s 
leaders in executive, administrative, en- 
gineering, and scientific positions. 
One section of the pamphlet is devoted 
entirely to job descriptions. Readers can 
relate the needs of various jobs to their 


own scholastic activities and thus plan , 


their studies accordingly. This material 
is for the guidance of students who plan 
to complete college, university, or techni- 
cal education. 

Free copies of ‘‘A Guide to Career 
Opportunities in the Paper Industry’”’ can 
be obtained from the American Paper and 
Pulp Association, 122 East 42nd Street, 
New York 17, N. Y. 

@ All the products commercially available 
from Synthetics Department, Hercules 
Powder Company, are conveniently listed, 
with characterizing data, in a new techni- 
cal booklet. The booklet includes listing 
of synthetic resins, plasticizers penta- 
erythritol, and nonionic surface-active 
agents. Certain key properties of the 
products are included in the listings. Ap- 
plications for the synthetic resins, which 
vary from liquids to high-melting solids, 
include protective coatings, inks, plastics, 
wood-treating chemicals, chewing gum, 
floor coverings, and adhesives. Plasti- 
cizers for nitrocellulose, polyviny] chloride, 
vinyl chloride-acetate copolymers, and 
polyvinyl] acetate; and nonionic surface- 
active agents useful as detergents, emul- 
sifiers, and aids in textile processing and 
petroleum production are covered. 

@ Eastman Kodak Company has just 
published a folder illustrating and describ- 
ing its new Kodagraph Microprint Reader, 
a device designed to be used in offices and 
libraries where literature and reference 
books have been reduced to microprint 
cards. Copies of the folder, titled ‘The 
Kodagraph Microprint Reader, Model A’”’ 
may be obtained on request to Eastman 
Kodak Company, Rochester 4, New York. 
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You will want to know more about the new 
aerodynamic guard bowl ventilating system— 
the new stainless steel interior — the stainless 
steel auxiliary cover that saves valuable bench 
space — the electric tachometer — the electric 
time clock — the unique air-filtering system— 
the spring-loaded hinge — the new vibration 
dampening system which results in smooth 


‘ 


FOR THE 


Nodern 


The new INTERNATIONAL MODEL U is 
more than just a Centrifuge in a 
cabinet. International’s experienced 
engineering has produced a Centrifuge 
with years-ahead features and 
unmatched performance. 


operation without the “shaker” action of 
over-flexible mountings — the versatility of 84 
interchangeable accessory combinations. 

Let us tell you more about this completely 
new Centrifuge, handsomely designed to fit in 
with your wall counters and cabinets. Write 
for Bulletin J explaining all these features in 
detail. 


INTERNATIONAL EQUIPMENT 


1284 SOLDIERS FIELD ROAD, BOSTON 35, MASS. 
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the 
GRAM-PAC 


___ First major improvement in 
reagent packaging in years 


This completely sealed, tough, laminated package eliminates the 
traditional (and expensive) quarter-pound bottle. It eliminates over- 
lapping sizes, cuts ordering costs, reduces shipping costs and there is 
no breakage to contend with. 
GRAM-PAC permits the packaging of “individual’’ amounts of 
reagents for easier distribution and greater laboratory convenience. | 
They are packed 10 PACS to a box and 12 boxes to a case. Eventually, 
all Fisher Certified Reagents will be available in the inexpensive, 


contaminant-free GRAM-PAC, including the nearly 200 chemicals 5251 
specified by the American Chemical Society. long 


Another “‘first”’ from the Fisher Chemical Manufacturing Division . . . 
to make life easier . . . for you. 


FISHER SCIENTIFIC 


WHAT IS GRAM-PAC? 


1. POLYETHYLENE, next to 
reagent, for chemical inertness 

2. ALUMINUM FOIL, for 
strength and insulation 


3. ACETATE, for waterproofing 
FREE SAMPLE-a GRAM-PAC 
of Fisher Certified Reagent Sodium 
Hydroxide, ACS, is waiting for you. 
Write today to Fisher Scientific, 717 
Forbes St., Pittsburgh 19, Pa., ask 


GRAM-PAC 


for “Sample GP-16” 
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